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ABSTRACT 


The successful application of holographic interferometry to the 
study of density fields around opaque bodies in wind tunnel experiments 
has been reported in the literature. The present report extends this 
technique to the study of the three-dimensional asymmetric flow fields 
encountered near the wing-fuselage junction of an aerodynamic model 
in the transonic flow regime. Finite fringe interferometry has been 
used to obtain fringe information about a partially transparent wing- 
body structure. A FORTRAN computer program was utilized to invert 
the fringe information and produce a plot of the density field around 
the model. The resulting asymmetric density field and shock wave 
structure are shown to be an accurate representation of the phenomena 


encountered in aerodynamic corner flow. 
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Peet RODUGCTION 


The field of flow measurement has been revolutionized in recent 
years with the perfection of holography and holographic interferometry 
techniques. High power Q-switched and dye-switched lasers and 
sophisticated double-pulsing trigger mechanisms provide exposure 
times on the order of twenty nanoseconds, thereby "freezing" the flow 
during the hologram production process. The precision optical quality 
components and measurement techniques of Mach-Zehnder inter- 
ferometry have given way to the much less restrictive requirements of 
holographic interferometry which provide high quality interferograms 
in three dimensions. 

Techniques for the application of holography to interferometry 
have been reported by Heflinger, et al. [1], and by Brooks [2]. Inthe 
determination of the density field around a free jet in the supersonic 
regime, Matulka [3, 4] expressed the fringe data ina series of ortho- 
gonal polynomials and transformed them to polynomials representing 
density using an inversion technique reported in[5,6]. The method 
was extended by Jagota [7,8] to the determination of the three- 
dimensional density field around a ten-degree half angle cone ina 
supersonic wind tunnel. The ability to produce readable holograms 


in wind tunnel studies using transparent phase objects was verified 


by Heyer [9]. In the present report the aforementioned techniques 





have been combined to study the three-dimensional density field near 
the wing-fuselage junction of an aerodynamic model in transonic flow. 
The experiment was conducted at the Naval Ship Research and Develop- 
ment Center, Carderock, Maryland in an eighteen inch transonic blow- 
down wind tunnel at a Mach number of 0.937, using a semi-transparent 
model of original design. 

Since reasonably small variations in density were anticipated, a 
Himte fringe technique ae feed in obtaining the interferograms. The 
horizontal finite fringe field was produced by a vertical translation of 
a diffusing glass in the scene beam a distance of 0.003 inches between 
the two exposures of the holographic plate. Fringe data obtained from 
the interferograms were reduced to density information using a mod- 
ified form of the inversion computer program used in|[7]. A self- 
testing procedure incorporated in the program verified the resulting 
density data as an accurate representation of the actual flow around 


the model. 





eee ENT AL APPARATUS 


feel He WIND TUNNEL 

The investigation was conducted in the Naval Ship Research and 
Development Center blowdown supersonic wind tunnel. Transonic 
flow conditions were produced through incorporation of slotted upper 
and lower tunnel walls. The tunnel is a nominal eighteen inch blow- 
Ser to-vacuum facility with a test section fourteen inches by eighteen 
inches in cross-section and twenty-nine inches in length with the slotted 
surfaces installed. Optical quality windows twenty-two inches in 
diameter in the side walls provided complete viewing of the flow in 
the Ost section as the model was rolled through 180 degrees for holo- 
gram production. A functional schematic of the wind tunnel is shown 
in Figure l. 
mee LHE MACH NUMBER AND PRESSURE MEASUREMENT 

PROCEDURE 

ime Mach mumsber at the test section is determined as a function 
of total and static pressure measurements and is maintained by 
carefully controlled butterfly valve settings. Total pressure is 
determined by recording atmospheric pressure prior to tunnel 
operation and accounting for the pressure loss between the plenum 
and the test section during operation. Static pressure is measured 


directly at a central wall port in the test section. Data recordings 





were made ona Beckman Instruments Company 210 Digital Recorder, 
shown in Figure 2, and were read out on line via a Franklin Strip Tape 


Printer. 


feet nk HOLOGRAPHIC ARRANGEMENT 

The holographic arrangement is illustrated in Figure 3 and shown 
in photographs included as Figures 4, 5, 6, and 7. Two large wooden 
tables were constructed and linked together with two-by-four beams 
under the tunnel to form the experimental platform. Thick rubber 
pads were attached to the table legs to dampen possible floor vibrations. 
The bulk of the platform provided sufficient stability and vibration 
damping for the experiment. The monochromatic light source used 
was a KORAD K-1 pulsed ruby laser operating at a wavelength of 
6943 Angstroms, together with a Pockels cell Q-switching device. 
The resultant effective exposure time was approximately twenty nano- 
seconds, eliminating the problems due to possible model vibration 
during hologram exposure. To maintain the laser head and output 
etalon at a constant temperature of 27.0 degrees Centigrade, a 
LAUDA constant temperature circulator Model K2R was used. 

The reference beam was directed under the wind tunnel by four 
front surface mirrors, and the beam size was manipulated by means 
of lenses (Figure 3). The scene beam was routed through the test 
section to intersect the reference beam on the holographic plate at 


an angle of approximately fifty degrees. A diffuse glass, mounted on 





a precision X-Y translation table in the scene beam, was used to 
produce light field holograms. Alignment of the Q-switched laser and 
system optics was accomplished using a continuous wave, low-power 
helium-neon laser. Reference grids were mounted accurately on the 
outer surfaces of the tunnel windows using a survey's transit. Details 
of the model mounting and reference meee are shownin Figure 7. To 
enable hologram production during daylight hours, the entire tunnel 


room was blacked out using drop curtains and light shields. 


Pee LHE WIND TUNNEL MODEL 

The aerodynamic model used is shown in Figures 8, 9, and 10. 
The metal portions of the model were stainless steel. The greater 
part of the modified double wedge platform wing was constructed of 
optical lucite, as was the portion of the fuselage at the wing root. 
Detailed model dimensions are shown in Figure 1l. The choice of 
aerodynamic design provided good flow characteristics anda relatively 
stable lambda-type shock wave on the wing; the largely transparent 
construction facilitated hologram production through 180 degrees of 
view. 

The model was rotated about its sting mount in the wind tunnel 
from the zero degree position, wings level, to the 180 degree position, 
wings level inverted. Alignment for the desired rotation angle was 
accomplished by manually aligning prescribed lines on the sting mount 


collar with a scribed mark on the sting support. 





eho y AU ATION OF THE DENSITY FIELD 


fae tHE BASIC EQUATION OF INTERFEROMETRY 
Interferograms are created when two originally coherent light 
beams are superimposed and projected ona viewing screen. The two 
rays will reinforce or annul each other, depending on their relative 
m@mase difference at the screen. This phase difference is directly a 
function of the optical pathlengths traversed by the two waves. 
Consider a coherent beam which is split and then recombined ona 
viewing screen. A difference in optical pathlengths of the two com- 
ponent beams may be achieved by causing the beams to traverse 
through different media prior to recombination, with their physical 
pathlengths maintained equal. Each component beam will travel ata 


speed Cy/n where c, is the speed of light in a vacuum and n is the 


0 
index of refraction of the medium traversed. The difference in optical 
pathlength is then given by 

L=L(n,-n))=c)At (a5) 
where At is the time difference of travel in the two media. If the 
optical pathlength is changed by an amount NA , where 7” is the 
wavelength of the light source and N is an integer, then the order of 
interference changes by an amount N. In other words, a shift of N 


fringes occurs in the interference pattern. The fringe shift may be 


expressed as 


10 





= L/A (2) 


where g fringe shift 


Hf 


/\ 


light source wavelength 

L= change in optical pathlength 
Substituting equation (1) into equation (2) yields 

= I, = 
g = (n, ny) Sy) 
The index of refraction for a given medium is a function of 

density. In the case of gases, since the speed of light is very nearly 
the same as ina vacuum, the index of refraction is well represented 


by the first two terms of a Taylor series expansion [10]: 


n= 148-5 . (4) 


dimensionless constant related to the Gladstone-Dale 


where B 
constant by K = P19. 


reference density at 0° C, 760 mm. Hg. 


1] 


53 
The value of ie) for air at A = 5893 Angstroms (deep red light) is 
0.000292; variation with wavelength is very small. 
For a fixed sRigtercianae in the index of refraction between the two 


component beams the fringe shift relation becomes: 


g - @B 5 (45%) (5) 
S 


For variable density in the test section, the net change in optical 


pathlength is the ae effect along the beam path, or 


g aS Le (( (0 - P. \ds = Q = oye z.) ds (6) 


O 


1] 





where: OS o ex (7) 


‘Ss 


f(x,y,z.)=_Pixy ze) - 1 (8) 
CO 
Z. = plane of constant z 


ds = incremental distance along beam path 
Equation (6) is the basic integral equation for the unknown density. 
With known fringe shift values from an interferogram, the equation is 


inverted to obtain the density along a beam path. 


Pee LHE INTEGRAL INVERSION 

The integral inversion procedure utilized in this investigation 
was first reported by C. D. Maldonado, etal[5,6]. It was used 
subsequently by R. D. Matulka [3] and R. C. Jagota [7] to determine 
the density variation in an asymmetric free jet and about a cone at 
angle of attack in supersonic flow, respectively. The procedure 
involves the representation of the function f(x,y, Zo) of Equation (6) 
in a complete set of orthogonal functions, with the expansion coeffi- 
cients evaluated by use of the orthogonality condition between the 
functions f and g of Equation (6). The set of functions used is ortho- 
gonal over the entire (x,y) plane for every A and remains an ortho- 
gonal set under a rotation of the coordinate system. The coordinate 
system used for the inversion is shown in Figure 12. It consists of 


(a) a set of fixed coordinates x,y and (b) a set of moving coordinates 


12 





x', y' in which the fringe number function is defined and which rotates 
with respect to x,y as the viewing angle through the test section is 
varied. 
In operator form, Equation (6) can be represented as 
i aS 

g(Esy'sz)= | x,y,z) (9) 

and f is evaluated by inversely transforming the equation to obtain 
=e 

f(x,y,z,)= 1 al E ,y',2,) (10) 

This inversion is achieved by utilizing a pair of orthogonal polynomials 
oS dH ') which lated by th 

Ok (Xx, xy) and H,49;(y') which are related by the trans - 


form relationship 


+ LMeE 


—o* x! % ce ] 
T (Un, exer)e ° |= Gerace Dee * Hine @Y’ ae 


where Eee oy') are Hermite polynomials of order mt2k. The 
: : . : +m 
unknown function f(x,y, z ) is expanded ina set of functions Ua gs 


as 


(xy, Zc) Z >. a Com ome ) nak (XX, Xy ) 


m=0 k=0 
(12) 


2 es 
+(C = -M — (0X TAGS va 
M+2K (cx) We. (Xx ery) S 
a = = = 
where E =" for m = 0, a ero mere le 23), 3) «5 and 
C +M are the unknown coefficients of the expansion, @® 1s an 
mt+2k | 


arbitrary scale factor which may be considered the reciprocal ofa 


non-dimensionalizing coefficient. 
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Utilizing the transform relation of Equation (11), Equation (6) 


becomes 


a(B,Y; 2) = a >. Em| k! (m+k)| arene 


mM=0 =O 


~o2y'2 (13) 


tm cm -M -im 
s si (x) € 7+ Comune (ee 5 — ee 
Equation (13) is subject to the orthogonality So anae 


T time Fin ie 
Jee ‘def Heey) Ho yn (OVE Sy “dy' 


=e 


ay, me2k ont Ze 
= BE [emezk) leave) |e Son Sineak nuns) 


where ¢ is the Kronecker delta function. The solution of Equation 


(14) applied to Equation (13) yields the series coefficients 


oY © 
+m 4 \ ! (me, 
2k (x) = 7S, ent q(B.Y, Zo) H on oye dy’ d G (15) | 
TY -@ 


With the substitution of the coefficients of Equation (15), Equation (7) 





becomes 


bf aaa Lf, —Ol2x2 4.007 y7) 
(x Yi Ze) = 35 13/2 re. mre c 


x Rel! [4675 HyaltVI4VE5 Urn ay)| 


-@ 


(16) 


fte fanctions U Bee eee ecine diae 
mt2k 


22, ou Yp Sung mM 5 
Uexesy)= Cay o|* ey G | eee y*) ro 


T(m+ k) I 


ae | m 
where a =tan (y/x) - (11/2) and L are the associated Laguerre 


k 


polynomials 
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| edtsaey’) oe =e (m+k) ! [Cert +oey*) | Ss (18) 
K  ergeresy S| 

S=0 : 
Insertion of ——.. (17) into Equation (16) yields 


M+ m 
£'(x, Ni Zz ¢) = 2 22. ev fk eix+ro’y) a Lae (oC x2+ ary?) 


(19) 


X Bacar cos (mq) + DY) {sin (mo) Je (0x24 o? vy Z| 


where 


Dinca =! [ gly te) eos (me, Hm eey dy ‘ce (20) 


Dark’ C= ve ag, Y 2c) \sin(mg, ) H mark CY’) dy’ dz (21) 


TF 700 


Equations (19), (20), and (21) are the basic equations used to obtain 
the density distribution from the experimentally determined fringe 


variations in a completely asymmetric flow field. 


Se LHE NUMERICAL PROCEDURE 

Because the function g( 5 ear z .) is an experimentally deter- 
mined quantity the unknown coefficients se Tiyan | ot ) and Dewon  | ee) 
in the series representation of f(x,y, Zo) in Equation (19) cannot be 
calculated analytically. It is therefore necessary to evaluate the 
double integrals of Equations (20) and (21) numerically. This is 
accomplished by noting in Figure 12 and Equation (8) that there is an 


area outside which the density is invariant, namely outside the test 


1s. 





section where the known density is P PR MGe tae function f(xy, Ze) 
= 0 outside this circular domain, the limits of integration of + wm and 

- 00 in Equations (20) and (21) can be replaced by finite values. The 
fringe distribution is then approximated by small increments over the 
test domain, resulting in the representation of the B and D coefficients 


as double series: 


Teese! A ere 
A. AC \= =) > G(Gj+4%j, Kit Ax fe ate) Hale) dx (22) 
i=l j= =O 
and 
stil dca caret Aud 
Dyno 2. = >> 4G 72%, XUtAXi ) ners 5) n (ax)AX (23) 
u= | Jj20, 


Using the derivative formula for Hermite polynomials, Equations (22) 


and (23) can be manipulated to yield workable series expressions: 
ede dc 1. 


Bo) = =| TERS 22§ (E +A ee ) 
x|sin(g..s) sin (ng) ) es Xs) Hemaxas oo | 


Dininec)* ia | wl 2a TAS; Xt BX ) = 
zs | cos enki.) CoS (mg; YH Hines eX ) 7 H M+2k+ (oox.)| 


Since it is impossible to sum over an infinite number of terms, 


Equation (19) is necessarily expressed as the sum ofa finite series: 
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£(xy,éc) = Gi > > eat a2 “| actin eo any”) 


— 2x24 eu) 


x Lk jas oA°)B, “0 cos(mp)+ D eosin (na)| e 


It has been demonstrated that judicious selection of the parameters 


(26) 


Az , Ax, K, M, and of yields density distributions with very 


good accuracy [3, 6]. 
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Meer eo e Rn rViNTAL PROCEDURE 


A. LABORATORY TECHNIQUES 

In order to visualize the general flow patterns and localize shock 
or expansion waves about the modela series of standard Schlieren 
photographs were taken at varying flow Mach numbers. Pictures were 
produced for roll angles of O-. 45°, and 90° at Mach numbers from 
0.925 to 1.10. A representative series of Schlieren photographs is 
shown in Figures 13, 14, and 15. Analysis of the Schlieren photo- 
graphs dictated a flow Mach number of 0.937 for the experimental 
study; this Mach number yielded uniform upstream flow conditions and 
located the’lambda-type shock wave ideally near the center of the lucite 
section of the model wing. 

The coherence length of the pulsed ruby laser was approximately 
bem centimeters for the output oe utilized. This reduced the nor- 
mally critical requirement for pathlength equality in the scene and 
reference beams that must be fulfilled in the classical Mach-Zehnder 
interferometric approach. Consequently, a length of string proved to 
be a sufficiently accurate measuring device to maintain the two beam 
pathlengths within the coherence length of the laser, a requirement 
for interferogram production. ‘Io compensate for the fact that the 
scene beam traversed approximately five inches of glass tunnel walls 


and lucite grids which the reference beam did not, the scene beam 
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was adjusted to be some 2.5 inches shorter than the reference beam. 
Reference beam pathlength was maintained at approximately 138 inches 
throughout the experiment. 

Holograms produced using the basic holographic setup shown in 
Figure 3 exhibited clear, well-defined fringe patterns in nearly every 
instance. In deciding on the final arrangement, several techniques 
were tested to improve upon fringe pattern definition. Horizontal, 
vertical and diagonal translations of the diffuser plate in the scene 
beam were considered, varying from 0.001 inches to 0.005 inches. 

A vertical translation of 0.003 inches yielded clear horizontal fringes 
that were quite easily analyzed. The transverse mode selector aperture 
mas Varied from 1.0 mm. to 3.0 mm. inincrements of 0.5 mm; best 
lighting of the model resulted with use of a 2.5 mm. aperture. The 
temperature of the cooling water circulated through the laser head 
and etalon was varied from 26.0°C. to 28.0°C. in increments of 

Os aC. ; math OU (ee providing the best fringe definition. Finally, 

a variety of beam splitters and lenses were tested prior to final 
selection of the best available optics arrangement for the experiment. 
A 2:1 reference to scene beam strength ratio was found to yield very 
good holograms. | 

Two double exposure holograms were taken for each model view- 
ing angle. The first, labeled a double-static exposure, consisted of 
two exposures ina no-flow condition with a 0.003 inch vertical 


translation of the diffuser plate between exposures. The fringe 
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patterns in this hologram provided a measure of the effect of tunnel 
wall glass, grid plexiglass and model lucite on the subsequent double 
exposure. The second, or static-dynamic, exposure consisted ofa 
no-flow exposure, a 0.003 inch diffuser translation, and finally an 
exposure at flow Mach number 0.937. The fringe deviations recorded 
in the region behind the lucite portion of the model by the double- 
static hologram were measured and subtracted from the fringe shifts 
measured in the corresponding static-dynamic hologram. 

Holograms were produced on Agfa-Gaevert 8E75 holographic 
plates, 4 inches by 5 inches in size. As recommended by Collier, 
et al. [11] the development process included: 

1. Five minutes in Kodak D-19 developer 

2. Thirty seconds ina flowing water bath 

3. Five minutes in standard rapid fixer 

4. Thirty seconds ina flowing water bath 

5. One and one-half minutes in Kodak Hypo Clearing agent 
6. Five minutes ina flowing water bath 

7. Five minutes in methanol bath 

8. One minute in a flowing water bath 


Sry ine 


B. PHOTOGRAPHIC TECHNIQUES 
Normal reconstructions of the original scene were made by 


illuminating the holograms with a seven milliwatt continuous wave 
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helium-neon laser beam at a wavelength of 6328 Angstroms. There 

was some slight distortion in the reconstructed scene because of the 
difference in wavelengths of the original scene beam and the reconstruc- 
tion beam; however, the effect was almost totally negated by shrinkage 
of the holographic plate emulsion during the development process. 

A common technique of image reconstruction was employed, 
utilizing a conjugate reference beam to reilluminate the exposed 
hologram, as shown in Figure 16. The resulting scene was recorded 
on photographic film. Individual points on the photograph are produced 
by a series of non-parallel rays originating from various source points 
on the diffuser plate in the scene beam. Using a reilluminating beam 
of small diameter has the effect of a small aperture at the focal point 
of the imaging lens, filtering out all but a set of nearly parallel rays, 
as shown in Figure 17. The real images produced inthis manner have 
a large depth of field, permitting simultaneous projection on the film 
of front and rear grids, the model and the fringe patterns. The imag- 


ing lens was focused as near to the plane of the fringes as possible, 


producing photographs at various planes of constant Z os 


ea OATA REDUCTION 

Photographic interferograms were obtained using the arrangement 
shown in Figure 16, with the camera viewing screen in the position of 
the realimage. The line of sight in the plane desired was achieved 


by translating and elevating the hologram until common points on the 
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front and rear grids were aligned. The Graphic View camera, with 
the wide angle lens aperture set fully open at f7. 8, was adjusted to 
yield the best focus on the fringe plane. Exposure times of from 1/5 
to 3/4 seconds were used to produce workable interferogram photo- 
graphs on Polaroid Type 55 P/N film. 

Fringe shift analysis was accomplished on 8 inch by 10 inch 
enlargements of the 4 inch by 5 inch film used to record the images. 
The enlargements were placed face down ona light table, and the 
fringes, model contours and shock wave were traced on the back 
surface at the desired cross-sectional plane. Fringe shift values 
were recorded by measuring the distance between (1) the intersection 
of the hypothetically undeviated fringe and the cross-sectional plane 
and (2) the intersection of the deviated fringe with the same plane. 
Fringe shifts so obtained were corroborated by placing the negative 
in a photographic enlarger and tracing the lines of interest directly 
onto graph paper. 

The known model fuselage diameter of 1.1 inches was compared 
with that measured in each individual eens to yield magnification 
factors relating projected dimensions to actual dimensions. These 
factors were then used as corrections to the fringe shift measurements. 
A grid reference point located on the cross-sectional plane of interest 
served as the datum for all fringe shift measurements. A base point 
was located at the intersection of the cross-sectional plane of interest 


and the body longitudinal axis. Fringe shift measurements were 


ae 





corrected using this base point as the new datum so that the inversion 
circle was properly centered on the body axis. The radius of the 
inversion circle was selected to be nearly equal to the semi-span of 
the wing. Fringe shift measurements were converted to fringe 
numbers using the average free stream spacing, while fringe locations 
were nondimensionalized using the inversion circle diameter. From 
the data so obtained, the radial variation of fringe number was plotted 
for each viewing angle. Fringe numbers at 201 equidistant points, as 
required for input into Mode 3 of the computer program, HOLOFER, 
were recorded from the resulting curves. Further details concerning 
this inversion computer program are outlined in Appendix B. A typical 
reduction of an interferogram to obtain the radial variation of fringe 


number ata particular cross-sectional plane is detailed in Appendix A. 


(a, 





tore PRIME NPAL RESULTS AND DISCUSSION 


A pair of double exposure holograms was taken of the model at 
‘Liles degree intervals through a 180 degree field of view. Experimental 
data from the Pre tunnel runs are recorded in Table I. Initial result- 
ing density patterns indicated relatively smooth contours across 
adjacent intervals; the interval was therefore doubled to 22°2 degrees to 
simplify and speed the analysis. Fringe data were first inserted into 
the inversion computer program along nine lines of sight in the 180 
degree field of view. A numerical comparison of views from 0 degrees 
to 90 degrees and from 90 degrees to 180 degrees verified to within 
0.20 percent the assumption of a single plane of symmetry in the 
experiment. The fringe data input was then reduced to five lines of 
sight ina 90 degree field of view, as shown in Figure 18. The result- 
ing output was an inverted density field along nine radial lines span- 
ning a 180 degree field of view, tn a mirror image on the opposite 
Side of the plane of symmetry, as shown in Figure 19.. 

The Be aeecn na rniic photographic interferogram for the 0 degree 
view, along with its corresponding double-static interferogram, is 
shown in Figure 20. The diffraction effects caused by the presence 
of the lucite portions of the model are clearly visible in the double- 
static exposure, where the ae stream fringe lines are bent and 


displaced toward the model axis. This displacement was measured 
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and subtracted from subsequent measurements made on the static- 
dynamic exposure, as outlined in Section IV.A. Photographic inter- 
ferograms of the remainder of the static-dynamic exposures are shown 
in Figures 21 through 24. Clearly visible and reduceable in nearly all 
views were (1) the region of uniform subsonic flow, commonly called 
the free stream condition, (2) the Peaeicien from local subsonic to 
local supersonic flow, and (3) the lambda-type shock wave on the model 
wing. These characteristics are shown in schematic representation 

in Figure 25. 

Contour plots of the density function, as expressed in Equation (8) 
of Section III.A., for successive z-planes of analysis are shown in 
Figures 26 and 27. The cross-sectional plane of analysis for the 
plot of Figure 26 was located at 186.75 mm. from the model nose 
along the longitudinal axis. For Figure 27, the plane of interest was 
mo. co Imm. from the model nose. It is apparent from both contour 
plots that the model went to a very small angle of attack under the 
loading forces produced during tunnel operation; this is evidenced by 
the compression oi the contour lines above the model and the corres- 
ponding expansion of the contours below the model. Measurements 
made from photographic interferograms confirm this angle of attack 
to be, at most, 0.05 degrees. The closed contours above and adjacent 
to the wing surface in both figures may very well be the result ofa 


vortex originating at the intersection of the wing leading edge and the 
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fuselage on either side of the model and traveling aft and outward 
over the wing surface. 

A comprehensive quantitative analysis of the shock wave structure 
was not undertaken, with the exception of estimating the strength of 
the shock by comparison of fringe line separation immediately ahead of 
and aft of the shock wave. Fringe line separation measurements on 
either side of the shock wave were converted first to density informa- 
tion and thence to pressure information, disregarding compressibility 
effects. An approximate strength value of 0.207 was computed using 
the accepted definition of (D5 - P,)/P)- This corresponds to a local 
Mach number of 1.08 in the supersonic region just ahead of the shock 
wave. Qualitative shock wave analysis resulted in the construction of 
a three-dimensional structural representation as shown in Figure 28, 
using input information from several interferogram viewing angles. 
While location of the leading and trailing edges of the lambda-type 
shock wave was very accurate, interior structure was largely indefin- 
able due to ''smearing" and blurring of the fringes transiting the shock 
wave itself. 

As a preliminary step to possible future studies in this field, 
photographic interferograms were made from holograms produced 
with the aerodynamic model set at small angles of attack. Orienta- 
tions included angles of attack of five and ten degrees, with roll 
angles varying from zero to ninety degrees. Although the holograms 


themselves were of very good quality, the photographic reproductions 


¢ 
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were relatively poor due to the fa¢t that an inferior photographic 
arrangement had to be used. They were therefore omitted from this 
report. It was inferred from the holograms, however, that a complete 
study at angle of attack using the basic procedures followed in the 
present study would be both totally feasible and rewardingly fruitful. 
The original character of the experimental data prevented com- 
parison with published results. Qualitative studies of transonic 
phenomena are widely available, and the general characteristics of 
the resulting density field and shock wave structure serve to bear 
out the schematics based on theoretical and mathematical models. 
Moreover, the self-testing mode of the inversion computer program, 
HOLOFER, verified the consistency and reproductibility of the result- 
ing density distributions to within 2.0 percent through proper choice 
of the input parameters, primarily the slope-matching parameter %. 
The errors encountered in the final results are due primarily to 
errors in the fringe data input to the inversion program. The 
intrinsic presence of laser speckle, the extended pathlengths of the 
scene and reference beams and the unavoidable beam scattering and 
ditfraction within the lucite model sections, created difficulty in 
obtaining precisely the slope of the fringe lines behind the lucite 
sections. Fringe spacing measurements in the free stream flow were 
conservatively judged accurate to within 0.5 mm. This assumption 
was quite reasonable since all measurements were effected witha 


scale graduated at half millimeter intervals. This figure of 0.5 mm., 
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combined with the mean free stream fringe spacing of 5.197 mm. for 
all interferograms, indicated measurement accuracy to within one 
tenth (0.1) of a fringe. The mean systematic error of the free stream 
spacing in each view was computed to be a maximum of 3.9 percent. 
Associated with this systematic error was a random error of 2.1 per- 
cent in the measurement of fringe shifts in each view to a conservative 
accuracy of 0.5 mm. The resulting error for each viewing angle was 
therefore a maximum of 6.0 percent, found by merely adding the two 
types of error for each view. The minimum error limit was found by 
considering the error resulting from the reproduction of the same 
interferogram view five separate times. Statistically, with 6.0 per- 
cent error in each view, the composite error for the repeated view is 
2.6 percent. As five different views, or lines of sight, were used for 
the data between zero and ninety degrees, the final total error in the 
analysis was therefore in the interval between 2.6 percent and 6.0 
percent. To insure contour clarity and guard against overlapping, 
the maximum error figure of 6.0 percent was used in construction of 
the plots shown in Figures 26 and 27. In general, the rather large 
fringe shifts led toa _— low mean fringe sensitivity value of 0. 1259. 
This coefficient indicated a resulting density function (Equation (8)) 
inaccuracy of less than 1.5 percent for a fringe shift measurement 
Mmiasreading of 0.5 mmm. 

Physical limitations of beam diameter and hologram plate area 


dictated the choice of an inversion circle diameter somewhat smaller 


28 





than the full data circle normally used in the finite fringe procedure. 
feats, im effect, introduced an inconsistency in reference density into 
the analysis since the density on the selected circle and immediately 
outside it was not the calculated (Q, ; the density function was there- 
fore not zero outside the actual inversion region. To alleviate this 
inconsistency, a new, updated Petomence density was computed for 
each cross-sectional plane of analysis by averaging the density values 
on the selected circle from the first inversion process. The actual 
reference densities used were ? -limeqdermicy cestor thes lSo. 7 5emin- 
plane and 2 -ieolicemeyce tor the 195.25 mm. plane. This pro- 
cedure was justified since all density values between the selected 
circle and the full data circle were constant to within approximately 
fifteen percent. The updated reference densities were then used to 
produce the final output density field. The net effect was a scaled, 
uniform shift toward density function values slightly lower than those 


a“ 


computed on the basis of the original reference density. 
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VI. CONCLUSIONS 


@he finite fringe procedure for the production of holographic 
interferograms has been applied successfully to the determination of 
the three-dimensional density distribution of the flow near the wing- 
fuselage junction ofa partially transparent aerodynamic model in the 
transonic regime. Density contours accurate to within six percent 
enabled a thorough analysis of the flow field to be conducted, high- 
lighting flow characteristics and the presence of the shock wave. 
Subsequent studies of similar models at angle of attack have been 
shown to be entirely feasible. Procedures used in the experiment 
also exhibit promise for the direct analysis of duct and inlet flows as 
well as comprehensive study of shock wave structure. 

The inversion computer program, HOLOFER, was found to be 
adequate in handling a general asymmetric flow field analysis. How- 
ever, it was considered quite cumbersome and difficult to modify for 
various experimental situations. Subsequent analysts will find the 
procedures advocated by Sweeney and Vest [12] for the recording and 
analyzing of interferograms of considerable interest. In addition, the 
efforts of Van Houton [13], who utilized the method proposed by 
Junginger and van Haeringen [14], may prove valuable in reducing 


computer time significantly. 
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APPENDIX A 


REDUCTION OF AN INTERFEROGRAM 
TO OBTAIN FRINGE SHIFT DATA 

The reduction of data for a cross-sectional plane of interest 
involved a complete analysis of both doubly exposed holograms, and 
their corresponding interferograms, for each viewing angle. 

For each view, or line of sight, the double-static exposure was 
frst placed = down ona light table. The average fringe spacing 
was recorded on the back by measuring the perpendicular distance 
between two sufficiently separated fringe lines in the free stream and 
dividing by the number of spacings in between. The method is portray- 
ed in Figure 29. Of primary importance was the measurement of the 
fratOrta soift of fringe lines due to the beam diffractive quality of the 
lucite sections of the model; this was taken to be the average distance 
between hypothetically unaltered fringe lines and the corresponding 
shifted fringes at their intersection with the lane. 

The static-dynamic exposure was then placed face down on the 
light table and the fringe and model contours traced on the back, as 
shown in Figure 30. Again, the average free stream fringe line 
spacing was measured and checked against the value from the double- 
static exposure. A reference point, or datum, was selected at the 
intersection of a well-defined horizontal grid line and the z-plane 


of interest. Fringe shifts were computed in the following manner: 
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1. The distance from datum to a hypothetically undeviated fringe 
line at its intersection with the z-plane was measured in 
millimeters. 

2. The distance from datum to the actual deviated, or shifted, 
fringe at its intersection with the z-plane was measured in 
millimeters. Measured shifts should be made perpendicular 
to the fringe direction. The present procedure is convenient 
and only introduces an error of about 1% in the overall level 
of the density field. 

3. The raw fringe shift distance was then the distance in 1. above 
minus the distance in 2. 

4,  Tocorrect for diffraction error, the uniform shift measured in 
the double-static exposure was then subtracted from the 
distance in 3. 

Fringe numbers were calculated by dividing the shift for each fringe 
by the average free stream spacing for the exposure. Magnification 
factors were computed for each exposure by comparing photographically 
recorded model diameter with actual model diameter. 

Since the datum location varied slightly from exposure to exposure, 
it was necessary to reference all measurements to a central point for 
each plane of analysis. This point was taken to be the intersection of the 
longitudinal axis of the model fuselage and the cross-sectional plane of 
interest. The intersections of shifted fringe lines with the z-plane were 
referenced to this fixed point and demagnified. The resulting distances 
were then nondimensionalized using the selected inversion circle radius. 
Table II contains typical data recorded for the zero degree view at the 


186.75 mm. plane of interest. 
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A plot of fringe numbers versus nondimensionalized fringe | 
location was produced for each viewing angle using data obtained from 
the interferograms. Fringe numbers at 201 equidistant points, as 
required for input ee Mode 3 of the inversion computer program, 
were recorded from the resulting curves. The curve plotted using 


the data from Table II is shown in Figure 31. 
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Zoe mNDIX B 
wo on ton Or COMPUTER PROGRAM "HOLOFER'" 


The computer program used in this study is designed to invert an 
array of fringe numbers across a field to obtain the associated density 
field using a special adaptation of the inversion technique first proposed 
by C. D. Maldonado [5,6]. Three different modes of operation are 
available to the operator, as described below: 

(a) Mode 1 

This mode provides the basic self-testing capability of the 
computer program. It can either generate its own input density field 
using Subroutine FUNCT or read ina density field through Subroutine 
PimeAD. The fringe number array corresponding to the input density 
data is first generated; this information is then used as the input for 
the inversion to obtain the original density distribution once again. 

This self-testing procedure was utilized in the present investigation 
to Recor imine the best value of the scale factor, ( , required to assure 
mecurate density in the repion of inversion. 

(b) Mode 2 

This mode generates the fringe array at regular intervals 
across the test field from irregularly spaced fringe values read in 


through Subroutine SHEET. Simulated fringe arrays may be generated 
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ipyeome of the fumctions specified in Subroutine FUNCT if NCODE = 1 
is specified. Mode @ has not been utilized in the present investigation. 
(c) Mode 3 

Mode 3 operation reads in a regularly spaced array of input 
density values directly utilizing Subroutine READ, which is first called 
by Subroutine GARRAY. The parameters in the first two cards preced- 
ing the input fringe data serve to identify the size, location and sym- 
metry of the fringe field. The following parameters were used in 


calculating the asymmetric density field in the present experiment: 


PARAMETER JUN S18 
NOF hun Nuniber 
IMAX ZO! 
JMAX Z0 
ISYM ] 
ee ] 

IMS 201 
JMS 5 
Vee O20; L260 
2 @, 0.0 
ree, 0.0 
letokhs SOs 0.0 


Amplifying details and applications of the inversion computer 
program are found in References [3,7,9]. A listing of the program is 


included in this appendix for reference. 


68 





Pa] OOO IO OOCOTRTOO7ZROCOCOCO 
AAI FINOM DHAOMAAMSPONOE ODDO 
ODODODVMO VV O At AA! Ase d Mod 
aa OOO MO OOCO9VTOOMO0O0O 
PI OOD ODOOCOTDTOCOOCOCOO0OSo 
eee) pd I J I 
at © OO 0 0 es © ee 
Pe CS 0 OO OOUOWUCOOC DO 


% 


He ok ake ok ak ake ok ote oc akc ie aie of ake 2c ok ie oie ake ake ok oie kok ok IK HOL OV ER Took 2K 2K 2 2 a ae 2 2g akc ee ie ae hc a aie 2K Ok ic 2 2c i a Ea OK ik ic 3K 


BODO OOO 


OX+SDy1X9Z 
Ay;BETA 


E 
+ 
A 
O +RAyNO_ NA NOF gNAF 


O=OQ 


+, 
J1 


’ 
A 


1H 1H LH* ,lHX-+1lHO;,1H: »LH-»1lHIZ 
),RAC 101) 
C---~—-------- or nr 


“Ned 
eso a & LOE 
eS MWA SSO 
x teh OZ ow 
= TR OWMN IO 
wwijec one" fee a ans a 
7H eN oe & 
eX ©eO) eDZOonm 
HLF FON 
Z=Y~AO eM & ee OD 
meVYiINOoIHTt~ 
mx eT ee eZ OW) 
MW <f[a e+ of 
>< 0: sa > >< © 
oo eet ee | Ot ee 
ePAN TN OO 


CARDO ZZO 


( 
1 
R 
(-------=----------------+ ——--+--+---------------- -- --- --- = - = - ---- ---- ---- += 


Sane ao Oe COOOUO OOO TOO VTOOZVOO 
TY FUNO MONO RAAIMSUINOM™ DWODNOHAIMFLAOM 
SNe INICIO CT TCG) OI) CO PT SP ee 
Sse) Oo OOO IOOO ODO OVOOfTOoOo 
DB) (Cy PY dG | De TAD eae fh Se ee La Yay aD kD Y ap le] ae | ae 1 > ep Taw | > | ap | 
te ee de ee ed a Se 
nt ns es en nn en <a 
eee CS CS ep OOO QI OOO OOD 
N 
sf 
rs 
oO Sf it 
ran] i 
[=p S r 
© a tH 
— — i < © 
=~ << | 
© LL ac = LL 
a rf a e 
— re 
~ ~~ ~ te 
e eo ec ~~ 
o ADO NN weeem Oa 
e eco TUIMSENDOee _— See 
LL CO Ru Ld ee ee ee fT fem CO os wt mee A 
= LWIA eC YM Oe Om YA 
ag) a Oo wow KT Te YO wr 
VY) Nv aeetn wn uaectgamcm Ua 
&) > See(eotae eo titer true 
ZNAWVANO AAISFO WO ar OO eT MeO 
m— HW the pT ROO ae SSR PST ee eet 
ZAIN aout eft HH XK ROA NNOZOMFeE 
Uae ee ee es eS SI) a oe OT Ue 
OL et et tt CY SY YS DIK SOY D 
© 
N 


oe) 





Pa OOOO TOO TVD O0O0O%9T000009FR00S 


@Q ©: = -. 
MOHAO ANMFUNOMOAIANMSFUOE- OVO sO 4 +t O oO 
ZS PINMMININWUINA UU 00 0 0.000000 he™ aA mM © + 
Pe ODOOO DOO rXOODODOOOONOOXMTO009O QO 0 do oO 
2a DOO O00 OOOO O OO OOOS00O000S Over So oO 
eee ot ot I a do od) od LI CL | f= fra- r- 
“aided ddiaeqcdgqaecaggedacd US UgiWu Li 
See OOO OU OC OOOO UO OOOO OOOO) WwW YVLIMY) VY) 
pe eS PS ~~ eo 
. o - - - 
kK FF # HX 
Y) h— 
aa a Ce). ce 
Berke, (C2) 0, were. Wee 
“RE (> “C5 
eo Se ee Ge ae 
eUJ <I 4 fa —_ 
Sow. a): (aa 
+ + + tt + 
LU 
ad cL Lu 
Te 2S NM OO LT 
“4a me UW <@ A 
Ze | <= < <_ 
ra deel Ae Tg eels) (es ely) 
= Ye > 
VY) — 
“He test H+ + 
ro te LL 
b= & 
i an O > 
a eee Y << 
ye “WyOxven WU ee 
Lm Ort AY © 
ot, Ul ee Gs  “<f 
Va psa hsA ~~ © 
fa ® 
wy 3+0O+t ++ x 
- UL 
J os es 
=O x< mm 
[i OIA 6 ae tL 
Y™ %B! eZ 
C<t MOM O 
—m~OSPTOON > 4 O0 << 
moma er tS we we eK DHt HLH #K 


IN © eM OU ALAO — o Uo 
MHMAANMMYEZ OO MM OOMZO 
eH WW WW WW ee e<f e er *2 e¢ 
oH eer OT COW OWI OAL O© 
ber 35e 5 e wm wel Weft HOA AORMINSY 
Ot rete ob eH OKT NS UNV TOMO 
fe Oe et et st es et ee ~~ oe “OX. ef eo 
Neer ervrrrvne ce On mee ON. oN 
we Seg <P eff <0 cw oe HOOK NSS EN 


om om ~~ Net tet Need eget Set “et tat ee Sle Sew “Fe SNe ON 
ot OMA O—m “Lee © f8F ew Fe 
ro NAINA SS RRR Rm NN IE OS HED HM HE OK HE 
Ded Qe Qe Ne nem nam ODRAN OSLO OMONIA IN NW mM YY 
an LYS LS NOM ODO DDNOAARAAMAAMANN KN NoenwoO 


me OY OO me ED OY ef OY OUI OUI AUN (1) on ee me mn mm nem mn ere me he ee ON Kr weet Lf) eee C9 eer 
CL Lm ee we re ee HN EFINOP DODMNOKMNOQODOUOODOUOONODOUO™~ FY ft OM 2 @D 
oa | en a | ® aaa 9 le Mo eae lan lon laa laa von lah lan lan Domi micah kk. See dd ad od oD ee Oo 
WN HTD De|f ec ce a ee we ee HUW te ee eqpude ogo TA 
ONAZINQWZIUZSU NUNN Neer OOO RR REE IR I REO eer SoS 
bm HINO NI ILL RR FO et gf eg td cf ci ct tt ter OY EY COOKS 
ojo) JE es eu at fel ae irs ge ie ta Wim |e ie fe ee en Ve | De ell ol oe ee Aa ala | a ee Gp ee OO? ee DD | 
ZLNDO YK KK KMS ZR MIO INOOWAMN-DreZzOVPTRSBBeEBEBZSBZUUeM le Le Le tle 
— rw loan oe r= 
Om N mM ws 
ONO’ 9G CO Gy Os 


70 





22 |] ee (ela @le) eo elele! = e)elele ele) -ele lp lele,elelelelelolele! [ele lelelelelele) 
LV OPM ODO ANH FLAOM DHAOAAAIM FLADKH DHORAAIM SE NOP GG OAN MO tTiNom™ 
MP EM CO DODO DDDDDADIAARAAARHHAAHOSCOWOVOVOC Data AAaaAaaeH 
OODDVND OVID OV ODVIO O VOVOV DIVO OVI HAAN AHA AAS HAA AAS 
BW ae SOO OO OOO OO OOO ODO OOOCOOCOOCOOOCOOOOCOCOCOO°OOO 
a ee ee eee ey ee ee ee eed) a) Le 
Ieqededeqcdaqcceg caged di di ei et dig eid cegeicig 
OOO UOOUUOU UU UVUOUU OU VU DUD UU DU VOU UU DOU UU UUUUUU & 


*',SETO00420 
**,SET00440 


Ww = 
~ 
e 
~~ 
(5) 
x + tb) 
UL 
> & 
> 2. 
YN > 
Oo > CIN) 
cy 
=> 
~S 
MN > 
KH + =.) 
x = 
<I > & 
~ aN xa = ~= 
N +t i =. VY) > 
> =) - ~ = It =) 
- — ~ D > 
aan N YM OO @ =e 
if) ~. pla N > 
os! tt >i ~N > 
+ + a — > N ~ ~ mY) 
-~ = = WY iS ~~ e mr 
— 4 = ~ <x oa wt Yow 
end ae | — N < ® N I Ba) 
~ Y= be ~ = & ~~ Tp) ap ek 
ao ke < Wow <{ ~ = WwW ~ _ “> 
— <I <I G ro e e foe Ge Ye 
cae Waal 3 a es] + ~- = + <{ ce Pa 
~ a kee We x< O > N OQ = == 
Ov | <x | <{ ee NY “NAN = ~ om 
x + co Wu LU e N= =. hae ~~ < O x 
~~ & Oo Y¥~= il > ~—_ ~~ <I x ae | Pra <>< 
mM mm O O eN ZN Y e = St ~ ~ =< 
e oo =a memo an ot}D~ Sco ee ~ ees (25 ee 
= © oe il I< eS tn jl ~~ O WwW ~~» Y) x OD on) 
GMa Ww WNW Bee] eS KK e oe @ le «Ke 
ib tk te 2ZFO Rr HN WNN> < KR KN OY al Ora Gs << > 
O Ome 2270 *~KOARr DINK = Oodmtx - FS ad G2. FO ~sS. <. 
o eA 27S WW ee xT est Ht De ~N ~ WW we 
x xX<<F YMeaZzk << ~ DS j oo <I a8) — 
tt SF EL ~~ ee qs Ot > SS —es b~ —~ WW ee -— 
ene NEO OM RR K moO DRA es 0X >- HOR lw —4 OO Oe 
Ce ee & e*e JIDOuw) * @ e Ore SN © ew em) ee N WOX*KO XK 
MH MH OK eR REE eee tH OFOG WMO OOY Ke K- oO eme << 
MW Mm Mw YOO RRR Re ewtItOLl em eo Fr WW<t eOLL Ow Or = 
—  ~ WO © ee mete] & & OK EEK © ou *NoOZM ee ee © 
ws ees I a Se ORK SO KEEN ONAN NS N+ 
Z QOQO Sek Oh re ENM>+NOZAI>>O tly *Oa Foes wte x 
ReOr ORO OCOD UIAAANNNN MEM DIWLM=ZMNMNA SNA tO kK tee SNA 
fq FONTS DBOYV Sst ll DT BN we tw SH MH MY te OHHH HH CHOVZIM IN Ce = 
= = 2wiwewm A ee te ee ST ee es See Pe He LVI OOOMMNY IM Ww th ORO 
oS fades 4 > D ~$~nnM Oru Wworxrae SWaeszl sil 
= ie tani Ah Sow OU SZ OOOOLMTOaalLaHo b- >< 
hm me SRL OS KNOY OY KE KOS ze 
+ + ee 
a f= cc 
On Dm OD 


71 


cO 
un 





Moment? a) a)  ) @) OOD OOOO OODOOODOMODOOCVOOS3SOOCSB0O0COCO0COCMO00O 
DHOAANMN LOO DHNOANMH SFO OM DOAOMAAUM FIDE DNHNOANM FN OMONOHNDSEYY 
mt AIO AIAN AI OLN AIA 0709 09099 COO 09 9 O90 SS EE FUN LAUIA DA ADA LALLA UD OOO OOO 
BEN ment ed eed ed dd dd ed dd ed ded ed dl ret red re et ed ed se es et dt et St 
Perey) CC) OO ID OO ODOC ODO ODOC OOVDOODVODDOCOOCTOOCCOOCOCO9D00OSD 
ened 9 Fe 9 ed a ee od a od ad A Rp 8 jd Ld LJ de) 
ne ae a en ee Oe 
rey OC) QO OOO OOOO QOD DOOD OOO OUD OO OQO0UO QVOOOUOVUVOIUUU 


Ov 
Ne) 
ee or 
0 = 
ee ong > 
an) WY 
LN i 
- © a a 
LL Qa. 
a ha ” 
= * © 
© ya ca 
om & Q 
a © o8) 
7 a) x< ~~ 
HZ a e 
© wae om -— 178 om oe ~ <{ 
tit > Ov = IQ g(a 
OO > 0 oe Ze Noyes) 
ag i) & ee ~ & ~ oo 
lw — oO - me OQ 
Ow ag — Pa nou ee) 
et a -~ © SE Fd 
— - tii CO) an) - © tii o 
oJ Gs) RANI . ~~ FS Se 
A) >= Oo — LL rm @ pei 
Za ~ Il Cu <{ rT mtio= LY 0) 
IO ee) = as Pd <<O | * e& 
© | ~ ~ oy Ox Wa Ww 
~— ~ om < ©) aadiaead Zino 
o- ui = am Oo ° ~ MAY) 
°0O zea ee <I Io ke N e 2 
CF e ae © ic ED) ae ey. OL ye ae 
LLuicy _ >. 9 oo omy We www OC CI oe = 
ett Oe CG Li foe) =~ SA wee LE OD ~ 
he ODM WwW © O>- cor On ems =O 
Ou #O5 e eC) e< CO Pid Sa Wd, o 
me OO © aa 0 ~ & Oe eee 
a a ne OO oll we OY 00 Ota uU ~~ ® 
ned fee) s+ Or <I wee wee P > O we & 
Oe iO ~~ N wee LL UWICd ro I< «GG UW = & 
ZO Faz ® I O @ bt Usui QAaNOaADMD FF [De 
IZ ewe © a) te Ov mm oJ —m -tO ~AaA@Z — JOON 
ed amt 2 oa) a fa eee > Hr A<Saa ew. wrk 
om © SO; a Oo acd i= <I mm Co uy Qs = + OS 
— ~ ® x oO ee) i) — <= O ® — m< ma >= OW 
at OO =m x AROS _ ~ < <I ie + asa Ns TOX 
ee ow OO =< om7a —- OD ~~ LO ae > tHHe4u Ze Ate 
GQ rt ® mole oe © ec 4H D+ DOOo-~m ~ l—- e Oemr ried IM) 8 
Ly bi > GHA? UK « * -Co8 ee mm) 8 &*O j Ww OFWs «© WrO 
ee tut tur t+He Wea CO WG Wii eQZOTD 8 rte COO s2 WT e cies 
pty (oat <x em Il el el ODF ae «© e AW weer +Nie 
my erm Fede S2ENO 2 WM eu © ek Il wey ge CLU HN OH ZAZW UH © NiO 
Meee Fete UO SUSU ey wo ok mH) el Zt > 
aE OO 9H NY ac NZtOntOdste Wt UCOT USING «© ep aOo2ZINO, TWa 
au OC — Ml WU ADV NDZ ee ST NOZW KRNnZZseR KU NOOO Z aw Zz OO IA 
Pes eet CY me ee Of] ee dt ee ee ee Le et ee LL If eee SZ II OO I 


Peete iat ele OOetLi Li nou COW IULUU mOmoa>xKUULULOUDVTAaWM 
Zest Nr) JR st Ze OOM RSS te SOOO OO SOO HOH Oe 


uy oO 
— 


i{/e 





a0 OOOO OOO S200 OOOO DD OOD CODCOD OCOOCOO9OO0OMOODOOO0SO 
I He de Ne ed dd ded md dm red ded dd ed dd ed Set I HR RIKIAICIAQI QUAI QIN QI QINIQUAIG) 
Sea) OOOO CDO DO ODOT IO VO OCOD COOCOOOMPO0CCDOCOOOCC0O00FR0 
rs ree ee eee ae ee ea) ed) A A nd 8 a nd Un SL LS 
Ieee dietitian iefd tied q¢gedetd de tdegctdeqgd eect 
UV OV OV OV VO VOOVOV QOGV OVO VO GIO0 OV OO OVD OOOO OO DOO OO OOO OO 


Y 
~~ 
ee 
Y 
~< 
G 
—_ 
5 
— 
Y) -~ 
& am) 
5 fe ®) 
=! Yes 
—Y a2. 
e Zo 
b- ~ OM 
ele tw OO « 
Ns] f— <=. e@UL 
i oe © IW 
=) = OW 
= <Jt oe OM o« 
Oo a ont 
Tt ~~ oe e cd Oe 
- ~~ — a Mc 
= uy ~ Vea. — & ae 
ee vont Q: QU Pi 
AI him o =) age 
HA4n0 mt (t) bond -— — Se) 
~ #<f oo er x = Own 
ed ILL) ~~ & QO. elL VY) 
W Wa Hr te J = & op 
— ~~ Il LL) OY) el OP) 
oo em Om (a) eS OQ > (Dr 
eo CC OH — — ~ r4/) 
MMe tet om Y UJ ~Y mr) mL WY Y« 
~~ 8 =) Lal i LL) ce <I >< oY) 
a ~— oO o™ =O. - (ones) ~~ ela 
COs 0 coc + aN tH + t+ mw ONrF ~« 
fh——P—b- = oo Com bot +} cS —_ ~OD ©-0) N 
~*O 7D OOt ~~ Oe Om Wet O #2 2) a) 
0.0 nat eet ee LF Om mm e al) a |) - * mt tt”) (9,5) i [| =) 
ee > Wie =. ne || | Us eq ee II tj <f a | 
Owwa * KE Il mH Mm@O. Cw COM p— UJ —Y RIL 2uae 
cdl axel nnd a oe RE oan Do) 2 A ie od oo ORE RE et ee mas — LLL mam ei) et <I 
mea<t TT amy e S$ te KE LY We b- J Cnt  SAIWMIL 
mem ¢ O <sT 2 INO ef Ff = = Il mi CD mon, USI se | 
Os PK a ~ © Dm LL. CD ame ob RLU CoOwit ° CIi<IN 
a & SS am ww O\——™ ee “> © OLLI am PIe™ S <T ~~ )m CU) >< 
ar) See Fp) +H ARAM MONIHA 8 MMO <a = O~ 
OOH emnmn € em e © On~ em 00 ON OD SH em W~ ee AQym--O<t 
me et CCUOINDOHA A © DO WOR Oowen tr NA Nine e CLL *AIANO 
LOWF-WUOOMWUOM 2 Ii * Fy WKS eee e SU j Ow LUsgh-LU I Ue = II 
Qtuoowderreeteteoe eC - © em ONY ORES 99D NVe BW OW emOUWCIm 
Pee NMNODOOWWO a FD PHODQOANH HOH Jf ¢ OO @reworOr eZusa *OWO7D 
Mtb bb Soe ere OO ~ Ia eOn ll of KOs PIM DOORMOZ WM ect = Ewe = 8:8) = 
mee oO. 0.) eo a) rd foe mets I] FLO MNO THY Yt OF KX SE OWOrnZzeZ Ilr 
OW J eer LULL SL Het mn Ob eet |] KOO IO EE IY) WON TN OL QO BSwSs 2a 
VD ese et Set See fem Pe fms Set meres pee YP at tee) ee te LY ee I] ee I) rer Hy ee YOO eww Om IO 
=) 1 — Il = WW“ ISO wer Il he COol| Cy~Lino 4 UU rw) 


STWLILILWL YAW AWULULYOODMI teat LTO AWW Tihs Lb nwoOonwW KIT 
Poe tt ot ae SS te SH OO OU LUI OO KE OIE I IY OK LL et ELL Ot tr tO 


too 
tw 


73 





22) OODDOO 


Sa eS Ve ae] 270 O00 00090900 OO OO0FT0000000 


FINOM ODO er DOM OD MAA PIVO MH DH ORAM SIND DDNOAUNMSWMOOM OHO-4 
oe Coen Loe Kom on hom LON RON COI ALN AS OD OF OY OY 9. O90 Oy OD Oy se Se SS SS SF LALA NA LALA LN SO WO 
NAN NANA NNN AIN AIAN AIAN NOI NAINA NINN OI NOI IN NOUN CIN 
Bao IO VO Sea aa ooo IOOCOOOOCU OO OOOO ODO ONMNOOOO 
ed I) ad ad oo) Seen eed reed re ee ceed ee ed ee) ed SS) dd Lp a 
qoiegeda<de i OE ss Os ss 9 ss 0 Os a ee ei 
Pom OO UO DO ODD OO OO UO OOOO OOD OOO ODO OOOO UO 
oe 
4 
OC 
ae 
ad 
e 
rm, 
ae 
at o 
a = 
i — os 
a O fan) 
_ = — 
— < e 
oul Oo = 4 
e  aned ~ oOo i 
edt a eed — 
—s II — nour) o e 
~~ a | ~ — OO — 
B) a Y eC =~ A 
ke re a ~ 
ay [at Uy tu « 
— -_ Pal © Re aa 
© -~ ®) 2) ~~ me 
LL) ‘aa Go G: ™ Mm“ UW 
ele Ge: LJ MN e ~ 
t < e - — = 
I A — a — — il 
= ar. = ® J Ww wh ~ 
oe ¢ aor ae fay Be 
dl ao a © e- A © 
~— — = e — & <. —) 
e Ue ~~ -_~ = < e 
o IL [ae e © wy wy lu UJ =m 
+ <il < ol e e e = 
—~ Om ~ * @G wy N IN z= * © 
—™> —™ @ kw @ t- + © + 41 © 
~ it e) LL) e wy N Y) @ Il @ a NG) 
ee = oe) ° + ho —~O r-  F 
wed we Ia a Fa NJ e aN ~<N ra) 
Oo ~0O e il }- ~~» + GN) OP Neato te GI ONZ Ww 
ara ~ +—-@ « e <O NS sO ote SO se mOt be 
= YX, =Oe ~~ 1 O oO log # Wom © HN e WN -e7e 
O WreoO Qi Ta Pa N zeih=—~ Ff-UIdanm KURA NU Fee 
~ ) >< OJ “I< a ce © Jere SK & SIN DIO = 
a 4} © e ny =! «et — = In 2 ae i el 
LL Aa k —_— - - ~ aD — Ha — Seem 
ao ¢ eO Oo—— —7O et Cjl~ om JIS & Alm @ er Wm mm li 7) 
mr4iIr e eaNOon ere + ON 7D ODN OH ONG ON NIA e 
Ow lUO@ om © #€O ee eC ~ ee - @ @tLj— e eli ee WO~ ee IL 
T<t ¢ ett mae GOU) Joe RRM REF ZO RR CO FEF KK OLIN 
Par es Cr LWW Ut) ee Ce OL ClO ela OU IW OFF lv 6 
rHnoOododre DM Ae ell MDM @ e()-#O I] ff rt e elf <t ee eu LT e *Oct e © I) e+ De eo @ 
we) CO, Wo POOL tO + I mae tO S SEL eee KE KK KOONNNG eZ ZAOMO 


myo Ss J) 


mOw re aw em OR NNO I Ie te Hw I Neer tl 


wet ee Od I mS N Lem INNO ee ee eee Ie Ee Ee KZ 


@le4 Wm J 


——_ 


VI wee ere} TS II 


—> Il 


~< iI 


NE 


erento) sit iL tL ©) _JtLiLit¢) i JIC SIL in AJOL iL Ly KELL ELE FI NLL I YAR OUW SS 
CL LL te et I pe et et I EP et I tt OO tt tO I tt OO LI ib TE KE F- 


ad) 
a 


74 


ae 





Merc) OC) OT) DOO OOD OC WO VOODOO COODOOCO@ DODO ODCOODOO|AO00O 
AICD FINO DW DOAN EWND OM DNMAAIM FINDER DDO HAUMFINOEDHDOHNMOYSEMNOMoOO 
000 0000 ORR EERE EEE DO DDDDDADDDNAATRARHAAGHRAHRHOOVO0O0TAQ0 
AQINIAIQUIQUINI AINSI NI AIN AQIAICQIAI QIN AQIOIN AIM AI AIAN AIO NAIA QI AI N AI RQI AI QUIN MAMMA MM MMM MN 
Mae DOO OOOO OOD OOOOMSDOVDOOCOOC OV OOSCOOCO OO OCOD OCOOCOOCAO 
eee eee ee) SS Se Ss So od on od oo) oo) SS) oo dd oy ed BC Cd 
Iqeq(qeoe cadet cage cette tice det detected detect etctegetet 
Pee) OO OOOO OOOO OOO OOOO OOOO QO OU OOOO OO OO 00 OOUUUO 


LIT cone 
Tere Oiuwy 


MN Nl 
NJ Nl 
=> ay oy ie 
OD Oo oO 
LLJ e ~ e ~~ 
co ~< - «< ~ 
* <{ —m WoW <I a Ww 
~ > Taw = fa~ 
Lu = AYU = NUN 
pad o HOO a sano 
a ~< e~ ect ~< ~ acl 
=. <I eteaily <f od 4 UL 
= oS = mnac = HW Wea 
b-— & —= mt — —r 
™ 0D & ~ oo o - fom, 
elu NI O bbe UL NI bk b= 
© Nl m~<_J Y= © Nl MY 
On NZ weer ft OZ we wf 
lt) a 0 # r - _~ & 
—_~ ee aoe 0 > OT > ~ OT ©} 
~O - ~—W She - MM e 
ap ee) ~_ Ww ee) ee oe} — om ta} ~ oe} 
o ta bye ooa Gto~ 00a. 
LL LL Qn bk OL weet OL OILY —~—Y 
om aoa ano -— — & rs eon — 
me bot eect wo WlwU e On ewetm LW e 
Ow a4 Z => FRO SRA HUO FRO 
o~ (5 tute mm ° mir) eH bac mre O 
cs 4 * =~) ome Ore t- WY 
pT eke Se sl ~_ >< OE a ae Ee) 
|= — . co) = N eh bm N 
LUO NM et LL }™N am @— NON Se sw ec 
“> e weer @ ) eu meee OD OOO 
~— LUE t- a Z oO Os W Ll mts 
Owsvz Tr mm OM ie *e¢ @ Tam ee ext 
Usp ¢O. cot *oOoO ho GW Odds ec GWrEO wa 
Twp Il eS Qe -WOQO 2eBRrFazZ wWwOQGde + 
ReOam fF ss eOO<ct Oo) een De eOr- e ewO A 
Poy HODUI~OO Za mete ADOT ANER SS 44 
ome weet tee hd oe —4 wee (5) sO — CD we ere HOO “~ & 
it). eO.. iG) elUWSD e 14 «on oO MY eliIN-s 
em OO WOOF ZO OL Owwh OW IWWO OwwOt-= Il 
LWW Hz bebe tthe ad IRE IC Ot De 
MSI OO IT LY I< CoOcOdteiaa J wedty +} 
—( ©. OW eSZ e) HOQOOO0 Lode eatOOO ez=ctx 
OO <M rw eo) — —() © ome o a e Cam Corel 
ee ee i) em Y tL ea &<<t mom 8D —_— OO ee 
zat e el Oe ee | ae ee a ee id (5 
SOOCZ Ors eHaAOz «1 ns~oree feos eM ¢« © erie 
S~ ell) e © 0 OC ee oe lU om COOOOkK Ce eOote eocoocoemce OM 
et LU te OO RWIS OLS eDWWWWH VSOCWWWWWWL WIR 
PILI LUI ee WO PLU _  e oe 0D e & 090 o@ 
LUX *DAW © e OM co eSZ Cll CHEW © © oN © OFM #0 


Deter DDI DOOR FE TSH ON DOR AAS AAR E SPP OAS ZO AHN 
eyes = ts LOS et DO NH OOO rsa aaa yYv1 OW Il 
mth Te OM LL OO ze me A aed red Seeet FN et et ee OO ie Pa 


ul HN | | a= Se | bt ad rs <T 
WIWMOOTLULYILWWO eet a aoa LU Lea 
Bee Gy ar CO Ok Lt tt I) ee SS OC IO Ret 3 <t 


+ O 2 
— — 


ie 


15 





2 OOOO ODO OOOO OO COOCOO CONV OXMOODOOC0VOS3S0O9300002O 
OANMOPOODMH DHOANMSFOOPODBDANMSPADEDHOANMPONOEODMORAIAN 
wad 1 dd INI INI IAIN QI ONION) 009 09 7 OF) OD OO OD OD SS PEE SE FINN 
AMMA MOA MAM MAM HAMMAM MMM MAMMA MAM MMM OAMMM MMMM MMMOMMMOAMMAMOM 
Se OO VOODOO OC OCT OOO OOO OCO OCOOXNOOCOCOSCOOSOOOROCOCOCOO 
ee mn ere) eee ee ey ey ee a dd dL dd CI I Cd) J Om 
a se Os Os a ss ss se ee <a ee) 
OU QOUUOOU DOU UD OO OU OO OOO OOO OUD OOO OU OUODQ OU UUDUUUNNM 


me ~~ ~ 
o 8 
= Oo 
aa) a WO ute 
— ~ - CO) » * 
o o ~< “6 ~~ & 1! 
fan) e @ » <t (5 eS o 
— te os ted => Ww << 
e ~ Oe & a a — 
ow & oo C) fam) = he 
we OO —Y ~ e Pak Of) ~ 
e Li Oe ~ ke 1 = 
oO © iw = >< ik mali s 
8 =. Cr ae e MO ee rc -— 
O So) >s ae - I eq 
a a tu Or ere UU a2 o <{ 
oO —O SE Ne) ~ ‘an es) o< CO 
Zz! & hn - re a2) +t 
er see mm i ° al ae ae ~ 
= om eN QO. Ov ~<O a 
e- 2 OMe mao LL TZ * 
O D th eZz &- OF « ~ > Omer 2 
Fs LL. co O en eo » LL @e «) oc 
=) Zur ZF YN aA uj@ a ell OS ae 
bh Fe Ore Ff @ - Te };OnN & 
Wimmer Det b= >< amr) Li 
=—Ww Fe eNO ° = () ~r= 
O F OD UM tao ~ Rr Ocd 
} fmt ete i <= ma - 
oO ww nao © - 0= 22° tL 
aC “J OO nm x «_- maul. @ €) - 
Ite Net BZ ee NN - Y) “UL OO <« 
OZ ot WY « ze zo « - 
eC ef OOM a Oe mic WY ©) 
SI we wD e m= | xX | uw ais a 
Pa ik CNet Och OD Ow ODe Ff a 
laa ef Iz UW HO se gE 2b —_ GU. 
<I I<ftf Oreo are ~e <I<fe C= ae G) 
9] feo pe OL YOM WK ee 2 NO een wes 
<{ Tact II mm est XK «OO OUwrn & pas poe 
SG) oF AmrOO « whe ZT ONW <I 
Onl tH- @+— eS ere SPT WH NN &O —“— OY *etnm~7w OO mOm em 
0 ea Ce) zz (5) &C) e ee Zz <UFOe > -— = Te 
+O OHO He Ooh OOK ~< 7 Tle BZ Octe «O2ZT7OrRF 
LV ZUuUZzu Ost Wer aq Ht eH WEeY emMdie 7O 
~< mdm eet LLL PCO SS e IS. -i ZXKXNOWWY MwA De 
QO a AT e est 2 M4 a - ¢ OOWNY <TH en OTtaAa 
=1 CO LUswetliwep—-e ee DO CQ wa «KX «OO aH COouU LL eww Lmao 
tu cM h ho ell ker oe AR Atom mE NO eM - 
Oe ai ote = Fee *« er MLL OOH Ue <f eesti alae) po 
+ ~~ = -» OZNSO A etze Oe 25 Je tJ Z ed 
~OM ~ ee eee NJ ODH> © fet eOer DD eg id Od<da<a<_ 
ee © YM NWNee DID NetystdtANeLhNnN NROOUIAOUOUUUR 
SOeRN at aque POO LW mRAIN W elL Ne ext =4 
wuySA SF 2AxXMO eIe Fete eN &O Oe <{ 
ty eMlee & TO ext «AIK LL >< >< > LL © 
© pt Oe er L/) eer YY) wee tf] er er LY et et ee et ted Nd IY Ne tt et es Bed eet ees Se ey Seed Be 
YW) <I we }/- ad - Um x a | ~< 


=O RRZEZEE WHER RAR GRR PRR RR OR TRE ER ERE RR EEE 
Odiwiddtudenqd eda ect ade Xdqaeded -qddaqdadaagqda 
we SE SODOSR Se eS SYOSMTs= ee Se SS or SS SO. 
MOYO MOAKEYKKY Ao re CNN Le eKerrerrrrrroa 
Mirco CO  OOLmCOO LOrOoO TO0OCe- O- CODCOCOCOOOOF2Z 


mete Si lhe I LOU he QUEL LLE$RNEC dn LE PLULELUUL LL ULULUU nw 4 
Ce | AN oN ee meal — re 2, 

& 

BD; 

© 
OO ™m OW re N AO DOMO WW THORP ONWSONAO 2S 


com oO moc CO cO co WO SEE EB MmMODWDOD0D00000 


76 





Mea IO OOOO VP OODOOCOOBVOOBVOOOOVDOOCOOCOCOCOO9CTCCOCOOEeoO00RoO 
CTAFIN ODM DDO AN MOHSFDOM DNOANMFWY OP DODDMHAQUMSFINDM™ DHADAAIMNTNHOM>DDNO 
ODOM D OC eg dt st INICIO AI QI QUID 09) 69) 09 09.009 099 09 09 09) St ee SE EY 
Sao VOODOO ODOM OC OOM OOXNODCOODVDDVOVOOCOVOONODOCCOCOOSRDO070 
Pa DOOD OOOVOOC OO OCDCDODDCOOCOCOOCOCOOCO DODO OOCOOCOCOCOOCO0COS8}S 
feafaa)s@vealealeavcalsalcaleay*@ycals8)*8lcalsalealcalsaycayeassalcalealealealealsaleahsAlcaleGleayeal*Sisalealslcalsfealealee}cayeals@leayee 
ee ee =) =) oo =) =) =) 2) = > DD DDD DD DDD DDD DDD DDD DDD DDDD 
MMM NANMNNNNNNMNNN NNN NNANNNA NNN NNNNNNNMNNNNNNNMNMNNNNNMNNY 


Y) 
LJ 
~ 
jo ml 
CY ~ QO 
= x< WJ 
m4 (ad 
QO a © 
eo O be 
<I —/) eer) 
ad oe WY 
~ De =) ‘a Mio 
a al OO O + 
o> oa Pol 
Q ~ ae 
= Lk Ud 
<f O> > 
OO Fe 
ee CC) eo 
— Wr co ~ & 
ond an IO 
<I UW Ss > we tr UJ 
. ome > <I GCs 
— (rv WIWM©D <I 
ey © N= Om — 
Om Ww — - & & HWY 
x Np Yen <I 
e WY er> oO min) 
Ike <i ee =+ 
a =< re ox< OF 
mam wy oe 1S. ig 
- tN ~ i 
O wo <I er = 
Oo we e<l ow 57 
me | LL. Beer 2) pl Ow e 
~ LL =k OW aa) 
a ty ™ <u) Uy ~ 
5 a) mL) * —-— ~~ ~—~ _— 
(=) C) > >=—s pond bt Q 9 e ° 
o <~ & >i) id | — GIA 
uw Ore SI” ow cy >< | t ee ws 
>) Se, ap] re 64 WK ~< ~ > uy Wd 
MN ON DQ *= Tr <t © ot <I bond D4 
e ae o> Se ae | e cy Qa 
T _f@O *Kittw~we ae) Qa. x mA or { | 
« = MY) we 8 Oo uj CQ — <I bmg bond 
eee Cea bm «1 /) ~ pg <I tt — x<x< 
—_ QO mx e elt On Le 1 —~ mT Y) OaO ee 
uw els =D e@) — men YH os ~~ mm OO HH 3 Co. 
= £> <XO>><~ UU ar CO ema NS OO a O 
W Fes <ftecnsa<t ~Y OwnN — eR) elm emer ON an? ISP, © 
C5 CC SHH a> on LY a. | Hea eH eA AE 2 a ie —_ 
a nat * res — tO et CD OR cl tee htt ort ort IX —— 
mo uw en NewrlW SS OF N + LL US Ade Te eet ht De Pad Wp) = 
Pa ~OSOLEL — tO FX NLL HO CHw~ wwe ~s 7? }*¢ +O © @ 
UW) <fe4 <f<t Re Re LF OREN KR KE Or OR Re CEH TC WD ORMOND 
De of rad YY DSrHwtteteasedte eae <n | | ee | ee || Le Hou Wu ue al Ae 
oi FNNOW FH MDMRT SRR SAWN KN eI eR I eI Om RAB Ree Or 
~~ <>» BSNIOQ Mest NSH SRN PP AHNANRS 6 HW AAAI LAO 
D Pt ZZZVWVHINQDO! IW eMwWN Heme rere M eA © ein et eeWW DI eee eee Ww 
O WYK NOOZIKZZONM XI eX & mH eS we eDS eS eT Ie MUMMMMM™ =~ OO 
‘ad CO SSP Welty Il eK mK || LOAN Il Laat ll [lm RRR RHR OKT I ewer wwe OO 
OO 2Pt SBP DHOn SrDWDE WD tt te Oh OST UL ELEEL EEL UL UL IW 
= ty COO I ee ee ee ee tO IO OOOO OOM 
YM OW QOOUORRYY DRA YYOYVONROCKR LOTTI LTCTTTTONFO“YNNNNNN SS 
(aaa Fas Ze Tia O 
OOOO > WO at WO WN OO 


(fE 





aes oo OO IDO VODODOTOO ODOODODOOMNOOCOODOCOMOCOCOOOCOCOFROCOOOe 
AAI FIDO ER DOORMAIMFINODH DO  NOTAAIMPFNOKLDHOANMO SIND DADOHAM SMO 
LIVIA LIVIA LALLA LALA OOD OOD O0O00D ORM ERRMPEEEEODDDDODDDDMNAMVNDAOON 
aI DO OOONDDO DOOCOMDOXNOOOCOCODOCOCOOCOCO93SOCO00O0O® 
PoC) OO OOOVDOODDOOOD DODQD ODOC COMO COC OCVOOCCOCOOCOOCoOOCOO0OO 
ODNMMNDNMDONMMODMDNMNMDAMDDNN DNHNMDNDHDNDDDADAMDMADNMDMDDMDAMDAMNDNMNADADMDAMDMMAND 
ie eee en) ee) salen) a) 2) ee) cele) 2) =) =) 2) 2) a) =) =) _)  _) 2 > DD DODD DD DDD DDD DDD 
NNN NNNNNNNNNNNNNNY NNNNNNNNNNNN NNWWNNNNNNMNNNNNNNM 


~~ 
-~ = 
N LLJ 
« =. 
N 
— ‘a a 
UL. i) 
O ue 
WY 
oa — Y) 
oie, uy’ al 
N « <t 
fea Freee h—! om 
=| _ = © 
~— ale © N 
LL oe & ad “4. 
WO) pw ~ ~ am 
Y) Y) ~ a = LL 
om — o © Cc) ~ 
oa (a ~ O: (ad sO 
a ~ © - -~ 
“i 2 ale Lu ~ x an ~ 
AN © & Ke ~n ~ i om 
ae — — — = a “=~ rt 
LL = N = © N = we () . 
te) LL a ‘aa ol oy * oe oe UW oe —d 
Y) ae rt LU + _- S — LS Jae HT 
= a ~ a ad — b- Yy~— aad 
— ae Lu Cd ee + WL a 
o kK om 7) (aad m— y¢lu ~* NY — 
- — Oo on) —“— YZ eo ~ }- — 
—_ a -* & - — i oa 2 | wy ~a <{ 
LL =z=-~OYA LW ~N se oS ES Q 
Y) Ox = -_~ rT OF wR OF — 
ZS LL) e \ ! uy WNWY —— 
-~ {oX=-—_ ale aaa —~ mC —~O +l AN 
co =>) Gv o + N AHO Be aN 8 BRO 
cO Y) emOw rw o eo LL core Ff 35 7OCd 
= FO es @ u Wo 4 ct eM OZ 
Ne) Z *OD00 Oo A+ — e> OF M7 UUYor 
wet 60 LIC ewe we CY ee weet ww <I Pe Tl met Neal WL) e~D 
“) mM *O eA) C2 Beene s(n 0 UL NWA F- 
Woo Ne) OU WL uy Nw HAE O WMH OO fF 1 nwuw 
bor II LU pF O -~t m~ ent -O NY aaetoe 
mrwY) C) ee LLU) - eb fad —~— om CHR OO —) + x a] ee 
CMs t- OW Levey © => °@ or «/) 6 i ee ta) e een’ om 
= = or LI oO i= == OC et mewet) Se AN wees xX 
= > OOr O es He EN OTRO — oe ++ <t 
= ~Oos 5) > OO a MRA YK SHEN RNAI DIA TS 
— tre > — es oom OJ Ut-OatADTZTZmMN eww KKH OMY 
= meareg) ~~ +Ov ej | ZO te OS elu<rium| « 
oa ss ay x ec) e @ em K HEI Fe DOOD OUUO~™ ef 
ba Zujs e elu o LIGSS> ellie WI Wk Oe OND DW NNGINNMN)Ss—s I 
4 OiI-G Lu et QO ~OGy3+00nTNAgCA NI Cw eo LI ell tou se 
tt m eV © Ze II ZO We COOWU NE +F$—~CTI Ket Dest Ome AR RM OS 
ee NZ ‘Orme A H OO eZZONZmRm SRNR SOO b WZINAN IHN Ow SoH 
=a (OCMW +nWYe UO ZOOZHANIMWIN SHH eae ON DOD & oD ee ONFt 
{ Looms Ms yO «<T MO@Oeso MYvECoe Mes ett! O8CO7DD DDRMUWOVDS 
MOD Ze Lr Sw ZNO LY WE LO we LY eS TUN NED HR RO SO Sew Pe we 
| ds) ei ws VeteNto om Muaeter von lo SreHaTsZ [Ett ue II 


ONS HLELONLZS OWN YY ZIAUWUUL YNOOW YY ANOR Hew TOW POU OU OU CMILUL ES 
OZ OHNO RHE SHED O YAY IO HH SY OO ZOTTORKRILIUTTSPOKWH NWNONMNSHHE 


Ly es <I we) = 
- _) i) a8 <{ 
tt 
2) ) >) .) uv) o@) ) Sw Ne) 


78 





Sao DOOMMOOOCO9000%9 ©} 
DROAINMSTNOMODMOHNM 
NAKHOBDOOMOVIVOODNAAHAAS 
OC ee Rare Rees ee Rene Kove hae kame oe Keres ee 
DOODDIOODOOVOCVAOOODVOOO 
‘ch \eQ\(s0feq\a@le@veape@leapen|eatetlcale@leaye® 
Saas) =) =) _) ODD DD DYDD 
ANMNNANNNNNNMNNNNIMY) 


ft 
© 
© 
eA 
LL 
om Lod 
N tl 
a Q 
a 
— 
eee 
eal is ” 
og - 
~ 
e i 
ed 8 
+ (ee, 
ee ae ee 
© ww LL 
" — ~ 
~ i - 
~ " 
* — faa) 
= e 
— 
= om 
LL wen eo 
= I - 

e t— ad 
OY — -— «¢@ wr 
=) + mo r= 
= ~ + ° 

ad — Ss = 
> — mY r 
<I “~ —~— 
ag iy rs“ 
ad = om 
<[ OW em} 

— AN] ae A) o- 
a 
t aa — 
— Ors re 
> US) wor er CK weet — @ 
ae H+ 3% Dmws eO 
LEI 


NL ome tt mn 
<x whinvwaveai i Ww 
aoe (90 ee FO 


a6 


be Crime | @ Ms Sees tee Ps 
tee il ya Lr | 
SY | DD ce | ED 
pa a See ee omen ome om 
IHN CNNSI EZ 
CY mees> e e e ect <i iy 
LLJ P= |] at te pert ee SOS 
ST tt ee tt i’ OE OO 
poe le te ee Lith 
LL 


ie 


Ove 
O 00 co 


C 00000 


Maa are e296) OOC OOOO DOC OOCOOOCOD0OORUGD 
PN OM DO AMANO FIDO M DHORANM PFINODM DHORNMN 
A RAIN AININ ANNI NI QUINN AMMO MT CMH OO Se 
Stet et ee ed ed ed ed ee dd ed ett dt ed edt and es 
LOD) D) PRD LD (Sl!) 1D) aa Dav Yan 1S 1 Van ee FW ae | eo 1 ab | ap | GO an | | a) 
NDNA DMODANMDAMMDMMMADNMNDADAMDAMAMNAwAawMwaaM 
Be) eo) a) oD) 2 2a) 2) 9) =) 2 DD DDD 
NNNNANNNNNANHANNNNNNNNANNNNNNNNNN 


Zz 

© 

— NS 

VY) e 
a Mad x< 
<i — 
—JI=>C) o 
=D Pras a) 
Ort —Y 
—_= oe 
hm LLCO <2] 
ag OS Oe 
<I }— Os 
QO. LL eo & 

9O LLib 
Iz ee) 

— > ee) 
<I ite. A 
INA ~ 

Nr 
Z>—t OL 
Oa 3 | 
— ui Pr 
bh e L LI In 
ON @«@ NEO 
Zi Zwee 
DEM NEW 
Le<Tiuc ol on ee 

Z90 a= 4 
OmDO Te een 
Aes |i a QO INA 
wmrYow ore yuy 
mde <{[ wren 
LL COLLI ne eq «= 

Ork- <a dF 
ui wo Sr OWM 
ae) SG. as oe 


me ' 
an) 
(ee) 
wa 
e 
me 
(a) 
(aa 
e 
<{ 
ae) 
em) 
o 
an) 
em) 
a 
eo 
oe 
J et CY rel * & 
i, OO em Sale 
Y tle D x*«— e>N 
e® Own Saw 
a] =e DY 2 
— tse oe NFR ov 
Y Dt*liine >< 
ee a | <LLI DY an) 
YW aoi> OO SYN ov Ov 
eC SPoUOW we oD &KZr tao 
ia <{ <{ el =OD 00 LL 
O Deezer KOK-OQS Voter) 
— t- Gus ata Fo <1 (MO 
a OAFZF SH eH~> ON 
ms NwWogu + < oY OU! 
LLL RE WD ew NOU Oo <I 
<I > G(e Oh eia Q|2 & tt WY na 
UW qfzZz YN ft >e <~ YL ~—intn 
Z DOtLk TFRMNZ SE 4 AYQ A <T 
= Je OR MeN OW ea Chet 3b oc re 
ee In WwW mNO Il On THRWAO 
D> SpWZnm 2ZZZ2ZnN— 41 COMOCOCH load e«— 
ep) (Ves esos ee (qa em et TR | |e Lee io eae | = oad on = 6 
ad me Re kK KK KT HO ll 
MO ORR, SSP rnOnDIdIee= =z} OCOAwaol = il 
D> JZ OOO -eF-EOOTSZONRNW YC KHOA WY Eeex< 
YM WeDW QUOUO ana ZS YES TSYMrIYMaatwiadtsartavo 
=—OCO Zz 
ees LE —m 
OU OOOUW O 


ff, 





Peer) 69 OO OO OTS O@ © O DVOODOODVDOOSBIOOBOOVDOSOO0SD0000 
FN OM ODO ANA FIAOM ODO ANIM FLADOM DHOOM FINO DHDOANAM SOOM ODO 4 
See th SP ID ULATED LALA ALAA UN UD) WO 0 0 O00 0 DORE RR REE EM ODM DMDDDAMDMMDOACH 
Nn md med nd med eed md ed ed ed ed ed ed ed dd rd dd ed mt ed tt ed tet eet edt ested eet dt ed ede ee 
St OOD OOOO OOO OOOO OOODO CO VDOC TBO DCO OOD OOO COO SC0O0O00000 
AMNMDODMOOMMAAMAMAAHOAMAMNAADAMOAMANMAMAMAMONDNAMMOMOAMAMAMMDANMAMAMMAMAMMD 
ee a eS DD DD DD DDD DDD DD ODD D DDD DDDD 
NMNDANMNNDAHANNNANINNNNNANHAANNNNANNVANN”NIVH NANNVNNNNNINNNNNNNNNMMNNNYN 


Fad 
lw 
> 
- no] 
oO 
ra 
) 
UL. 
eal 
<{ 
=) 
pe 
—) 
a. ee 
> =o 
aod OQ 
O Ze 
a tl _ 
> e441 
tu rh " 
ad OO pe 
(~~ & 
LW on, 
==) Fe (i 4 
Os wo 
<I e <I 
= oe! YM OO 
+ - oO 
LL = ed —") ee 
O ad uw Po 
— el eae fac 
Y) ~ OO aw lw 
wr = m= OO) t- ~ 
tw Ee uO e@ 4 
O ~N Us ate) ze + 
ty @ ve Wy © a >t 
= © aWY) Oe — al cr 
x ~O0 BOW b- —- + < 
% ra bee TT os <J <I 3 
oe ee HT] CY~N DORs = Sa wawne 
Oo. <[ < QOn= Fe #fOo =a MO eS 
© Ii Y) WwI~ sO =) iT Ah 
© = as t+ »-— OO - © Y) O OF W 
c = ad oe a~w> OO~—_)J Oa~ 
lw <{ LW O —OrF>- IO oH YX = + <I 
ane Pe aE i t=ze“wn aeLlolyrvty e- N OX 
OUO+ © ~~ FO ae © < Ge | OB 2 Oe > Pate e eos OD 
=< mHrtet rt ¢@ Ua pee OQ dare Nye 8 WWW 4 Se oo 
<f ee MMM Il O SENS) e GHIN@ ety \eem~O Wy YJYTOeswen W xt YY 
a ©O wos wee b- OF) I p— WOrFOIW AD asa 22a—~ ef SNnTO~ onal @ ceaprd 
—y @ i) it ZNnXxXS = VY) ZUx<XYOm IRE eS Os eZ eT krOY ONwilo 
Hmm ce es Ou OM Ls |} e erly Mil mean 4+¢N~o9oW il owe Ok the 
KWARPOAHNMNOZOT * Ul AEUYNY YW eCVYOEH= QOxKXYWH ft BWswwyw 
tows WU Nae HOD VMS Ne law Zp OOwm LS Sw Ow ZW EE YO Ow YE II 
Sor aSYNao SW UrwoOoolrists OW YODIM II NW qT wWwoonwnmo aA~AO 


“rb SSS WOR SNS HME OUR WORF HOE HOARFUMNLOW LSE Seo YI Iu ewUueroO 
CLNMNNNONOZTONLZ DENY AX KTAMYYOWNPTAADANANS HS {IYO HATeONS=YONORO-Od 


G) oO UJ WwW CO (as) 
1S) W) }— ad W ) 
Oo it) 
— ON ao oO 'S) oS) Om O Ng 


80 





Pe 1 OOOO OD DOO COCO OOO OB OOM OOD OOCOOCOOCDOOVTOOSOOCOO 
NA FIDO MH DRO HNO PFADOEH DHMAANMASFODE- DWDNORMANMOFAODM DWNOHNMSUOOM Om 
DRAAAAAMAARNOOSI DOO VO9MD OO ANH AAA AA AAAAINNAINAIN NAN MS CIM EA MA MCA Mey 
met ad a ed ONO NOI ONIN AION OI OI OI NIN QIN NI AI NI AION OI NI AUN ONION QIN AICI A 
Pee OO OOODOO OOOO OCO OOOO CO OCDOCOOVOOODVOOOCOOOBSVO9MO00OO 
AMNMOMMODMOOMDAMMONODMMOMOMMDAMMOAMONMMDADMAMDMNAMMMMMOONMMODAGMMDNAMDMNMMM 
ee eee =) a) =) a) =) =) SS) SD DD DD DDD DD DDD DDD DDDD 
MMNNDYNANHY ANH NN NANA HANIN”NNNNNANANINAMNANNANNHNAINNMNNHANNNNNNNANNANNWY 


” 
WwW 
| om! 
ad 
iW 
WY) 
iw 
ac 
ee ee 
wa 
(Ue ee 
© = VY) 
iW fate 
N= =z LW 
= 0 
MW aa V 
ake CE 
a) UL. Y 
a OO 
Y oe mi: WwW 
> iw <I a 
O _ O 
el) Poa 
cae a oO (ad 
fe Fa uJ 
= ~ ~ bo 
ele _) = LL 
eC) <f O one 
aw Oo ae LW) 
ONS be WwW Ye = 
ee ON (ad +- cc 
wn OO a = UW 
A OC Lu Om 
mgt e<f =) — om om 
Na> we 4) tt evr cord 
HOH WY <f Ved ‘) VY) + 
Wee OM J Oe + <f Or =w 
Nast <« a ae a | amelles 
xO Il UL. Keeke ord ~ ee Wes 
Odqw vy O +x UICD ST, ed 
lNM ew ) CST e)= -) andl oo 
=~ lw Ce ayaa bee lane ~- uw a oes 
aec@tu iw HH ~ WW p~ <I rm ©) " Wo 
eOF TC QO Pie Cy a a GB al a OC of =z 4 OX Ia 
O+xt+ e« xX <- O | e> ~~ x< Iv > NAS ft -— BKa=- 
O2YN ww a es © 3) aA eM —~ Wun 2 HHY OC D KWeaxX 
QO Oe ad —- b= Oe Yaar O Fx Xe WO. - = Wee 
OKO awa >< ae x YWvO+—UW eo © <eKe YY i a ee PE 
In~x~ YO ere Wty aw IY wD ty Oo wn OM += ww > 
+ | WOOF Sele I+ 2 | OW al WwWwYve Nee + | tq 2IrFU0O— ¢ 
a (HH OWeTOY eyYNty mt =I e nee ej JO Se SWNT Sk 
Ip JOD ¢ at WRH Ww Whe my ty +¢ef Het dtatoO foe | Whee ec) 
MOct eOWM IW IgtrOnL OCR eM KO IeEYEO Woe INgft-OMWST eo 
Ot Oo oat Lode +e COWYWOS Dre eetOrOL Sd oe ean | ee lee bow 
he ZOw~ Tt ere YRt N= ONn= WOWRnrOKOXE *FE NNMNADA Sk + IS em 
hOrF NIO <~MO— jy W mH OT OY WII niwny STE=z eye KORE NY 
AOWUWRMLEWA OWYNYE HORWUYZYOYON YURI Y SI FH NNOYKENWENEESED 
Imre SO +t MH Ye HIT OOQ De ww be Ree EEE et eee 
em OrODwy 2rYil WxLYM~OCINAN Wwe Da &e KFKRFRO= NAMM II | 


Olmert Tie it COMER CWE NAO KFKUULOOWOOOYO WSR SESLEOOrrR- Wi 
ht) She J PY WO YCNNO ZOOOok YReHWTOY eR OKCRFODYNNOREILOENNE Re 


Ta) O LW WwW Sed Ww 

ity <I © Y LJ Y 
= WN 

(To WIRE &| eH OO O Ne) aoe oO a OO 


81 





Bao DODO ODOOOCOC0COO 
DANI FUDD Pr OMA AAO LAO CO 
wa ts SFA ALAA LATINA 
AQIAQUN AIQUNI QIN AAI NI NI AQINY GU AUN AY 
Sao OOOCOCOODOOCCOOCOO 
NMNMMOMMMMNNNOMMNNOMMNMMMMM 
=) <)>) _) DD DD DDD) 
MMNANNNNNNNNNNNNNNNMNM 


rm | 
an) 
e 
& 
oo 
Li 
Ov 
io 
It 
Bee 
< 
~~ 
© 
- 
fe@) 
=D, 
Y) 
e 
Fail 
5 fe 
3) = 
Y) ~ 
N oe 
kK | 
© 22) - 
bh AO oH « 
Orr) b~ | 1 
tHOn S59, Mw 
wo © oO ae 
wa Oo =A) 
Seek ~ ua VGN & 
m < es = lao 
—eese) + > FrAaOe~ 
=OrCO <I QO DO<etIrm 
x< IS eer (eng et 6 
I-e=O FS KO Oe re 
le 4 —~a Il Ww 
= UE ee Us eo of Ox SO 
eu Se UNO el et 
Uujt e e@ J WTA G+ ~ 
MEYqQ ASO wg «x 
e ¢lucgm le CLEO ex<fa WN 
RWS *etOrFOIJKEEYw 
OOrxXO=ZFxXrF 150 
e 8h LU I Wwe Se ORFF Zz 
ee > I ST _) 2d ae | 4 ae 


Re FKFOD ACC O 
PSaeloooe©@ OLOOOW?’ 


ret tb OF OR OS RMLL CWS 
Pas oO 

Li CO 

(o>) 

© 

aa) —t Ow Oo 
od — Wor CO co WOO 


SOoQoQooOnosooooano2ce Ddoe0od00? 
DOMAIMFNOM DDOANMALTOAOM DDORNM +S 
WMOOOOO ODDO ORREREREMHE EMH ODmmoOo 
AIQINIAIAINI AQINN AGI ONIAIOAIINIAIOUINI QIN AI Nau auMN aga 
ODOMOVDIODOVOVDAMOVDVUGOODOVON DMOOOOCO 
NMNMMMOMMMNMNDNMMNMNMNMONMMOM NMMNMMNAM 
mi an) ae) =) =) =) =) = a =) =) SL DD DD 
NMMNNANNNNNNNNNNNNNMN NNNNNMNM 
ms] 
oe 
~< 
| 
Lu ~ 
ae Q 
- Y) 
Q e& 
a> ~< 
mm a OC 
3 Mm 
C2 wens eS e 
hr Sw uj 
ae Q 
WN <{ O 
my LL Og Pa 
C) >< lu e 
wm LL Y 
wb Olu (au 
Wal LS 
Lue > 
O >» WY 
Ou. NIC 
Om —~ & 
~~ WY) 
Qr<t = 
~ LU <I™ 
Ne) VY) ~! Lem 
~< Cy <1 oN x 
ae Zoe =>. S: 
= Odw= <I 4 
aa I3@ «6 eo oe 
o woz «_KID~ 
EQ (WS) SCE 
e — J) 27 “Le 
fea) QOkFO<t nem 
* Z2cea> asa @ 
ue aq< Q <>>x< 
OO Qwdt 2M. 
e OIlreyoyYv Den 
SE ~~ = > ot 
- CWS Keune 
) FO =NOOD an) 
- YW T= ae ane RAS 
Y~ (Z m— & &( 
e mm FLW es «=O Cyc) 
=: wert Ke KY mOkF 
wus 2Q DAW > e-O + 
EQ Tew ji 73 wed OOOO ~<ms = 
8) e<t Ou! en me ON <li ¢ Iq -t 
Da = KMEZOOW S\N allan SS | 
LW) WMGuyu. <I> WH <9 eto Me |) 
ad LILY SWZ <—[ Drei xX< & «6 _o- = 
— ere Dw wenNoOost SKHAASwW Het £# 
t {Zz Pak mt IF wD a Wow ~< 
_) DOMs WaZm s oi ere Dect 
@ Pawie OOM <a Oe += 
ad INYD SDSwWwill * em¥eaImwK Sew K Asters 
e8) Sra SSB oO | laa a) nou 
=) ites ry OO me i Si VOX OUI Ii OOe™|> 
Y > M YQUNQDAMNCYCAYVCRMOWSNOOre 
Q2o> 
M-moOwn 
© 
OC 
ON | 
OOS 1S Ys HS 


82 





OVD Oe lO le le (@le _— ele! ele le! ele le! @elele lel @lelelel®lelale) 
LVOM ODORAIM FINO DDO ANMFLDADM DNAMAGQIS 
DMWDDADDQARAARAAHAARHKNOOOCOOVVOVVV StF AAA 
NN AINNAIN MAIN QIN NAN OMA ARAM MAM AMA MM ery 
Sa OO OOO ODO OOD COO VOODOO S4OO0O00995 
ODODONMNODODMNOODMDNOMHNMOMOAMMADMADMMNDMAADDAADH 
eens) =) --) ) --) _) 2) >) DD DD DD DD DDD 
NMNNYNMNDYDDANNNNNNNNNYHNNNNNNNNINNMNNNNNY 


Ne) 

O 

re 

-— -— 

7a ok a © + ae 
7 (_) >< <~ mn QD (9 <~K ee ~< ~< 
43 tf Sq Anis It dey <I Sie <y 
wie FS C= | —WY “~ 23> FS. {=—Y re fa oe 
LHEN DSNH DTH oS (52 LH = o< SN 
in-™s eo we ia e 8 we iG <a —— © 
POF ADM fRDD> W He KAD a> INAS 
ue] cn Pe | tee eee Oe | = | oe a | | i 33 


~WOOC +h ¢2-00VE 


ADDOOOEMOoO0°O 
OM ODOANO SL 
AH AAAI AIN 
MOA CAM OAM Mery oy 
cee ap 1 | eb | em a> [am Taw 1 Ge 
faaya@yaayeayeGyeayanl*eyee) 
=) =) =) a) ee) =) =) 
NMMNNMNMNN 


",415,10F6.2) 


—" 
1 neon 
Hott cox 
Pm WO 
 ILte «x 
wad | “ea om 
aA 
~<a 4 


$t$E~OONYK +¢NUR t+t¢2>~O0C0N 


T+ # DONDONH HL + H DH KIND TNO DDO OOP eH Lt YD 


ioadr 


In 


ioc © 


hu toor 


WUawN 


HM naogwOora 


ew O45 I NW HN OOH OT NWOMN TIT NORM VMTIONW!S 
ADMDNDCLOIWDMOMHOMDLA”"NOORMOMNNCOAMWMANVHVAMHOMLACWsS 


83 


CO0Q000 


OOC0G8@0 


(RS »SIGsSOLNsGyH, SCF ,DGN) 
Q 
p 
D 


SUBREUTING -lECD 2 
p 
ic 
E 


SS LOL RS! 





a) OO DOO OVO VO OC OC OOO VD OOD OCOCOS32I OMOIDBODVDOOVOSCONDOMNO 
HARI FLIADM ODO AAIM FIND DODOAHNOASFOAODM ODHAMAAIMFIADM DODORAIMO +LN0™6 
CDV) 0.00) OO O96) 09 0 St ELA LALLA LAU LA LV LN 0 OO OO OOO QUO ERE REE REE 
MOCO MO OOM CA MOD DMO O MOMMA MOD HOO COMO MO OAM AO MEMO OOM MO MOO MMA AM MM MOO MM en 
DOVODVDO DIVO OVID BVO DOWD IO VOODSGODSDODVVOBVODWDTOVDVOVINOODBDONONO 
MOMOMMDMMMOMDN HDD OHDDNMDOMOMMDNHMDNDMDOMODAMNMMMODOHDODOODNMMHMOMM 
nie eee en) ee) 22) ane) =) 2s) =e) =n) =) 2) =) =) =) =) _) DD DD DD DDD DDD DDD DDDDDD 
MNMNMANDAMMDN AHNAMNNAMNAN MANDA MNAMNNMNANANMNAHANAMNMNMNDH NINH AINNAMNIMMNANMNAMNMMMNY 


>< LU > 


=> CY) ~~ 00 
me IDIrWM 
mio ee ML 
el Ss x2 


MHNIO Il 
ZZZMNK NWYOOOCOH NH tad! 


as) 
Ov 
~ 
oO 
CO LU 
LOD mnt 
“OO 
COUN. 
Youd 


+1)/2 


Oo aINe 
HM ona 
MEO eins 
Sy NOr<l 
© emricelt <+T 
e 


len oct ft Moat tO Jas od 


COM 


C 


ZrFrOOT ZONA R04. I 
me ee I Sa KG eK COC OMeK OCS LTT rrr rT crCroMae 


84 


PETE 


od 


Q 
Lu 
ac 
© 
— 
ee VY) 
VY) 
OC ed 
O + 
= 
as 
LU II 
> 
i> 
oe 
~~ & 
Ia 
oc WwW 
cé of 
IQ 
ae 
JY) 
<{ 
ma NJ 
= + 
OF: 
Pes 
a Il 
J 
Brog 
CL wow e 
fag) 
Uj @ a 
—_—— oa =m 
oe oe! ° e 
<_ 4 r-4 
at &< | [ ee 
Lit -K x< = > 
ie <1 an) et <[ 
se . Oo 
ayes >< _ oc 
Ua Oo _ <I 
me <l % al 
ei — “~~ T Y) 
—— tome (0) Hs om ~~ Cc) 
Aco LO emreim YJ et () 
CE = AJ — ein elm oem ©& ~ 
72= x Braet er eAIS HS a 
OO 0 eee — 
XK NETH BHO rete Deere 
aoxXWE He et] erp oer Hr WwW 
qaqa er Ws GS | as | | oe a | | ae 
= S ALN Il ~—K Want i lo lion om 
Mm OC OH Nw OR Om IO mine ot 
HUN Oe Rt) mrt Ay &® © LN et ert LU 
8 ened OS «© OSS eS OS Il 8 
<IN <L Wo mt HN Rt et rt etl 


mH x< = ><br i! a ee en er ee 


ae 
4 tow 


= 


my 





Pr oe OOO OOOO O OOOO OOS OCB OOCOC ORO OODOMOOCOCOOOC00ONDO 
DOAAMTN OPM DHDOANMENOM DHOANMSFODMHDHAMANMTNOM DRAOHAMSNO 
M OHO DWDDD DDD DARAARHAARAHARWOOBIOO MVD VVO AAs aH1AaaNnNqanag 
MAM MAMA MMAAMMMAMAM MAMMA MEN en Ss srs Fas essere se eoere eo Ferer erry 
eres CIC) I) OOO OOOO ODOC OOOCOCOO VOODOO OODC OC OOOO COCOOCOSs003D00 
DOANDOMNAMADADDDADGHAAD ADA DADA DDDDODDVHDODDAMDADAODHDDAGDDGAMDDADDADOAM 
ees) ) a) =) =) Lo =) DD DD DDD DD DDD DDD DDDIDDDDD 
DNMNDNADN”NANYHANADNNANNANNAHNHANNNAHANNHAVNANNNANAAANAH NNNANNANAMNNNAKHUHNMNNWN 


~Y) 
WwW 
oe = 
= ee od 
= WwW 
= oa —Y 
LW LL) 
> - WW 
_ al 
© Zz 
©) 
Ce ra) LL 
O - S 
UL <I 
= = 
= > eo 
<I =) Lu 
—_ Y) ~— 
EE 
© VY ~~ 
Ze me 
> mcr = = 
aul ~ © 
(a) a? ae] WwW Ww 
Q. — we a AE 
LL UL — aad 
Lu WO 
ce MWY LL) LL 
fe tt ke OO a) 
LU om om =~) rs 
3) om 08 Ned oo Go) Ww) 
Ss) ~ = e © =. « | 
<{ e => Oo x a 
=) on et eet Wm Y) 
+UJ LLLL OF 
uw Se a x< LU 
oO Cr OMY —— 2a > 
—_—O + | oN <—I7O0r — 
Y) NO ae - © — CO t~ 
~— Ge =i sy 57 Gye © <I 
WW Ww LL oT tC el 
i a) sand um ume Jae Ge 6 ZZ OTe WwW 
aa. cm fT ~~ (UU ee Bakes) es ee 
tt = S HO Ub NMNnwn m HL oe 
ht ¥. wY Wo) | | AO ~ Our + at w 
2K +t Sa FINN aR II i x oT 
QO oe ow {I oe Ht ANNYY) as) ee LWwNYr ONG FF 
K [ole <I x OWN mam e +S -- Qa. ues Fae 
>= 2: -) T NO AN AS oO Ww Ye WW 
cap ia) oO ok ou) #O ee $+ > O Oem OFWOKT 
x< oc co —/ or rie Gees laa be” Cae aap 7 imi a) = Ch © 595 OMO 
= —— <{ OO -O2Z~~aur~tr > aN) +<I<ty 
x aV) = to SAYeraULSUWLWMN ~ EE OS | mL +O 
ce? eemOMe 6 ~ Me teat OL) OU SS: A NY KZ ~ @ eM Il 
ef OMANOOVDO WZ o) ~ | CY) NWS « COS SUOMI OO+ <a 
et hu ddan dc) r) ew e elUet tH Woh yoo WImMmeY LON; w_s ett Wk O 
i Fe te kate on ketene ee WOAT AAT WY ame eK NW 8 BN wwe ZNO eNAIMZC 
MAANMOSUO VY) ZUWutlke se neleo ee Sha CDH eHNZ KI O7VuwNtorrt 
| ewer er eer Us| e oo ji - = Ke YW WENO WWOOkr eee IN 
9) Pie Vase hae Togo Taam Ta OH ASW eK eOWNDOMIDOF INE LYONUXY TE Sis Mes 
om ee OF ON Ne BE OOH ON rw wre Fw SH eo we a YI 


See LILiL PWD |S KS HDUMNWS Um WiL HH NYNWOO 3 aIeTOrD 
O DWOOOIOWN Se IH VOL GE HOE PA LOOUQOQOUOFELOWOLW SAT SES Ze JauUueYLYvYood 
AOA = SOV AVEO OO PONNOONU Re SRL ONE HH JOM OBOE 


oO (=) ©) LU OC «<I Y) 
@ Oo < bE O O uw 
— N c) 
a UN eS O 4 oo) Om oO Sg) 


85 





Pet) OOOO OO ODDO OOF OCOOOOVOOCOCODOC OMT OCOMNMOOOO9SVOCODBDOCOONO 
Mm ODOAAMPIADEHY DAOAN MPU OMODOY HAM STFINOE DHORMAIMSTINDOM™ODOHANM & 
CE AIAN 9.09 60) 07 0.009. 09) 090 009 0 es ES EF LALA LALIT LEA LALA LE LO ODO 00D DOORS 
Sal gl ENG gas lO ENG Se dh Bat i ake HEN oo gle gle gate itive lENo paTat Wit gle lie pao gle ga Ne git gat at ae alt i pate alte ie git aN gate nw gat at EG on aw aE a 
30) OOOO OD CDOO OO OOO SCD O COCO O OO OOCOOVOOCOOCOO3B0OOOCO0O0 
NAMMMMMNDMOMONMMNMOMMOMMNMAMMDNMMNMMOMNMMOMMMNMOMAOMMMMMMmMnMMMm 
ee a ay) =) a) a a=) =) 2) _) _) DS DDD DDD DDD DDD DDD DDDDD 
NMNNANA NNMNNN NNN NNNDHNANNNANNNNNNNANNNNNNNNNNNNNNNNNMNNWN 


a 
= 
WwW 
Pa 
fad 
© 
tk 
pet 
6 Y) ame, 
a =) N 
<f o@ a 
= — — Y) a] 
UJ = « aw — 
= 2 re UJ —s 
= + am 
od ~ ec V + 
Cc) eee | oe 
LL © © wy ee © 
O: 5 ke) = =! 
—! =) LW <{ + 
<I uy ~ es ae = 
| om ee ~ om) a) ee of 
=. —4 = ~ - Oo - 
CG = @ Na i | 
=z wm re _ ~UJ = wel ~ 
~ > Ww + = — LJ = 
= — — #166 mt et =<. - e 
be ce =~ i © — WwW — 
© Me Oe mY) bk = ~ e 
oa ut od O ww OS Eas) UJ a te Pr 
~ a + - ~w ae Ue es Fa ~ + = 
Q (oa = ws %¥ OU Pa @ —s Ge) 
@) ea) won = <—t Qk -) ad t rm e —Y 
<I = —— ~ seo) a © O + Ta) N 
~ © H elt) e | iw LL = —/s eer be 
Y <{ YA A _~ a ae od =. WY + G) 5) 
oa) —J Of + + WN A<t Or 2 > — aadl & = Oo 
<I wi ON « Sic I <I <{ ~S c~ MiG e ae 
| LL hm OC LL LU oy aH rk OMO co ~ we LS i ocD 
aa © ~+OO+ mm eX Lic = od =— te emomrw WO 
oS) Soom (8 ae — ew LL = <{ CO enon KF - tu 
uJ ‘ad nmr Oa 2 Bien 8 alae kane oo ~ “AIR eN > Pe eek so 
as Li Howe LU Ne tH tse W Mme<t iT uJ b— + eit lor <atk 
) OQ =t+a~x* men OY 2 >< be x i SS —<IvworOvtD 
ee cw QL ee OY men MeO © FF _f <{ I Se Gy 2 CY. OW sora 
mS O | *Oz e ot +> —x< > = yy UY) mo er CO me eS <= 
WU ~eost Oe maw) mW O M2 od % HH OeN <M m —n LL O 
AM bk OeeR ete MDH AaAY <f WIN amen it em men Wwe <Ictb SO 
~wUS < OY «—MY RK wt KO +e oc -~ CK +tNSVYNAN Scere 
CC) en lu Sewers aeLZzrL C= el ~~ SoA e eOO ee OY DRAW 
O-~ + fm ee te ee CD er CE LW SL LI ee <I LLI ae Ree Om Ot oe 
<—{ (Ow pra (0 ed ee oe ao eee OO en OU ae Tr OH Rte er LW et 
uw @ % UJ ULI SC bt- er OMY OO OO + WwW ~~ otter | eww er we eOV= vO 
Y) Jt Nx AYtTeYatA INN oCame ev~W OF ¢ af, rCTrINTTrTrvo e « eM 
oar +h CCe~HWONX WewwWwYwWOoOStS YD FP SWIKN Ne ne dwar ues 
<It-F- =e OW KWH ReneS WOWRHME OC OO MHS ene Hem mm nms er OUrH 
4 © 4) WW we NLU OS HE tet oOo ete. lO © HM TRA CAIN ENHMWY © th = 
Mr Wet Op HOrOG ee mH eS of UY~OUYO | en Sn © So od ae bn 


Ow +MWTOAAAATNNI Ieee eee LL I FS SLU I Hr eee 
eee IOC nhon te il iy 2am ODZ WN HHS 

Tit ~eCWS naAaWq grew FUUNUO OVE SWOrt were WUUULE 
a ee OOM ere LOGrm EL Tr Tir rns 


Q LJ uJ = uJ ee 
<I © C5 es LJ Oo a Lu 
OO WO @ UVO WO «) OW WO) 


86 





SOO P00 8000 


VOM ODO AN AHAI 
[hhh OMDODO®m 
ToS Sr POO 
2) SS Si@le lea le lela] 
MOMDNMAaANMDMDN®” 
=) =) =) > > 2 
NMNMNNNNNNNM 
Oe LJ 
UJ UL F< e 
mt mal Y jp 
a) S25 
~ > 8) 
x fol. oO <t a 
8 SJ tec) oh a 
© LJ NZ > rm 
et ale — > od 
uJ = zr <a e LL >> 
o OD Wwe — J 
a Berta) HO Wno> a 
i bb =a < <1 1) 
OQ i (a O=. uJ 
= 2 (=e (fealad 
~ we DW awe LL} 
= te LL. IX be AO 
* >~ wo gn ae ieee, 8 O 
- YW MZ ze Oe O wQ 
& — <I) == Uh a << 
+ Ee ee OO wat Us} @ 
@ Ga. 7) z WwW O< WO 
© ~- Tw Yt ft Fe eet 
| Cy 2. QO Za ROW 
WwW ~ Oa ao, OS = Oe 
~ Oe I Zwaxzm~ +-<l 
iI x Pa be rt OC Zz 
co - -O sO aq wi wor 
(apy “[a4 (eB) az COW Ww 
= a aq Wet T yvrED 
=) b- ae zewYM <{aIoO 
- ee Ie WO Ou wo 
a FEL ad = eh  -<t7 2 
> Coy eet) ~—D wee FN 
— aa fs ee Bl Mu DavWNM <tc 
- - > LiL QO ” 
ce | O ~ ie KAO oS 
’ Zz Ym Zen ow owas tnd 
~< - < mh LK a 
<I e I wo <=) <1 py = <t O 
=N O aw FO Rote NH 
“~N eo -* daz NY DikF-D W>e 
loe a2) — Om ODD= Nw> 
hea oe — <{[< = OOnm neav<{ 
Ia - In awewvrn”n aw 
Ot ~ aim '~ ee e8) — CY 
Sz o <q OO Iz daw~DdDw Facet 
Oe fad Am OARenND DOW 
—~o. Il OW Usl<Lee 
OnK Ss I Tew 
el OO -eaotO | i | 
Ox: Ses. 
Ww J wy = 
ectIo os mad wt N a) 
rt — }- — Jel 
Lo Ke mutt WwW uJ uJ 
=OFrFZ Seat ayo Q 2 
an | ad O Oem) O Oo 
bw SD YY KWO = > = 
> IY%rFO mm tee 
OWOOWwWse TB a hg) ee 
Z=MYAW aw Tol YM aud 
7) <{T<{ 
-) Or, a 
2) 
Oo 
Ov Oo 
Ov co Ow SOO OOOO OOOOOOUOOO 


87 


PSsMOQDE,BOX ySDy 1X92 


—i & 

a oe 
> a 
a) 1 <{ 
oo, (eS) 
“J #A!) ©& 
> 2ae 


9 
’ 
MAX, JMAX) 


>< es oY) 
ZW &<TQ 
HAS fh 
mm ef DO 
eS +4 «© ® 
= POL 
INN < 0) 
SASS 
= Ore od 
os, wee CN) 
xO 


I>O wr ed 
ex oUt © © 
mee~ NOS SUKI KIN elu 

Met OS Seno il 


SNA Zonal 


ZZEWN 


"NOD IlO™ 


OOO ]SZMK = Il Il les 
= SSW NN XK KL KH AISI 


ees | 


> ae 


O@OQOCOSDOCOO OOMPFD ODO OCOCOCOCOOCCOOOOSFO009800 
CAS ID OM ORDO ANM FU OMODMHAIMFINOM™m DHORMAIMSNOM-D 
DO BDOOOO Ot Ht HHA AIQINIQIGINIAINQINI MORIA MO ACM 
Saas eee Ae OOOO 7a O OCOD OOO COCO NMOONOO 
QS Se@Ceeooe OQ COCO OCOOOCOOOCO OC OOCCOOCO0DCO 
AMMNMMOODMODONMAMMNMNMNMADMMOAMMNMMNMNMMONMNMDAMMNMNMMNmD 
Se ee ae ee) oS) I) SS) SD SDD DD DD DD DDDD 
NMNNNMNNNNNNNNNDANNNNNNNNNNHNNNNNANNNNNNWN 


DOOM HNL QW ODN S 
QOOUOG Teg vyoorOrx< 74> 





2) OOOO DOOCOCOROCOOOO0O0OSRO 
DM AAI FIND P- DHOOM PINDEH DADAN 
CO) SRS SS SF SEELALAILALALA LALA LA LAL OO OO 
Pe OI DOMNMOOODOONOCOROO000O 
Pay IO OOODCOOOCOODOCO0CoOo0O 
AMNOANNTAMANANNMNMNAANADAMNDMaa 
a) =) —) >I D DDD DDD DDD D 
NMDNANNNNANNNNNMNNNNNNNNNNNY 


Oo 
A a 
~< 
<{ 
= 
rae) 
_ x< 
cont LL <I 
ae) = 
= Zz 
=) & r 
z eu 
> ~ oOo - 
z= WY 2 = 
oOo = — emm UY) 
aS - =O 2 
e (45 Q. a) (eg 
Se || -~ Yr D 
QO —a~w et MO HO fF 
Zo ~ De w 
= «OO O Geo jet a 
2 Hr Ff rFO ew 
— ee <x OF -~ 
Mo ~O © QO > eH <t 
Bees COCD 8 ©5 O<t er mw 
[| Co. Os 2 
rwx~ ee —~e x <{ 
| bo SQ os i CICS em 0) 
VY) Li} cy een ¢ Cue INIA 
= KBKO~ COCORNMO DAH -- ~~ @ 
ms 1H mWWOWHO OR uw 
e etme © eo ll ef) | @t a OS | ~ 
aq +NIJNOSSr=trmw ws tT 


HK eOl eye rnyeenfDToOTtTw2a 

—™ <-€ | D-NNDINMZ ON WCMOZF 
= tet OID OHHO= OO OO 

rot pt tO re ee MR Pe Le SS 
oie ~~ SJ ws FOO 

Orme rnd WP <tr LL Le Lee OIL TO TUL S 

OM COO RS OMOO ODOR OOO UL WO 


C00000 


88 


O22 2OOOOS2OO00%O0O700 
CIF LAD ODOANMSLAOHY ODHDOANMS 
OO DDO ODOR EERE REY OODMO 
eo Bae 200 O90 000970O000 
COOCO0V DODO OCVDO900O000000 
ANANMAANDNANMNAMANnaDaNManMaa 
2) Sa 2 DDD DDD 
ANNNMNNMNNNNNNANMNNNNNNNNYN 


AR LINE OF SIGHT 


(R»XI+GISeNOF,DGN,NUMB) 
’ R 
D B 
IMAXe JMAXe LIMXs JIMXe IT IMX eALPHAsSIZExEPSeMODEy BOX, SDyTXoZ 


UNCT(XS+ YS_9F »NOF »DGN »NUMB ) 


bh x Ww 

UL. tut) <{ eae tN 
Jy sh = < >< >< 
O rD ow WMMNMW X*« 
oD, WL ‘a @ HH ERX <I 

VY) MOM NARKAanrrt FF 
ty lua % <tWwWee XX ee 
z= KF= M<InU << UO ee - LL 
HH DO TS mer OKO 4 + 
—- a4 DS IUINZNDOOXKXOW il - 
D> SM 2ZOK hh IMO Wreee en tLe 
ey) Gite oo AWIAntwia: A. oe) 
CM Ot TORI I NK >-OKXK I MS ll 
aa) perce ee eet i i il 2 
D WZ OW Jw«—KWwWWaANnNNnRNOHYae 
Qe orm OOOO xXx XH OOOO 

(ayes 

Ow 

a sg 





SaaQDooddod090000 
LV OM ORONO SiIN OM 
WOOD DONAAAD HDA 
Sea DOO rRVMOOOPOO00O 
SSO COO0O0OCOOSO 
AnNnaanannnoaAnwgaa 
SS) > = DDD DDD 
NNMNNNNNNMNMNNNNY 


a8] 
e 
CO 
Li. 
oe 
Hy 
> 
4 
c 
N - 
/) o 
rt SG. 
— e 
cs) Ab Ero @ | 
xO - WwW 
© — 
o- < «= 
Hom x< a I 
One fa) 
~ e x<~— 
oe Te Cl oe cO 
wituico=> dor mH 
Oenare wr “ 
#moee ow 
~=o0O 0 Fe il 
+ D—oeo o> 
Oa wi (Ty 
HmwWey i e 
7 tee F OF 
SY~nO we LYM 
WOOLNM ~~ NY 
es e Ka - aD | 
am Wl <f 
eter om OO) 
OOM MO 
WY e © @ § 
> LI LUN > LW 
JI ZUOWNYOD ew e@ 
th} e 8 e+ « a) 
CA pp OP Gap ma 


+ +t NOOHOZEE 
NMO~O OOardtae 
Krew Ie DS 

Wal JID FaeWwO 
MYMIL WLU <fLtwOOoa 
Km HOO HO ILL WU 


OVC 
~ N NN 


C00V0090 


SUBROUTINE FUNCT (XSsYS9F eNOF »DGNyNUMB) 
LJU95BOXJ 


CPOTUSERTD 


Samo OOaOQOCD OC OOOO COO O0C0O8oO 
AIC FIN OM ODOMNAMFINDODMHS ODOANA MA SNOM™ 
DOD ODDVOOCO At Ada eA HAANN ANNAN 
mm eed md md et md red ed md mt ed md ed et red et et ed ed i att et et ed 
(GIGS) G1Ol Se @) S1Sl Galo] eee i @]@ lel ele] @) @ ler] (oe) ele 
ONNONNNONMOMNMMONMNONMMNMDMOMNMNMODmMoOmMgoo 
ieee) 2) ae) 2) ae) 2 =) =) 2) =) I) DD DD DDD 
NNNNNNNNNNYANNNNNHMNNNNNNNNMNWN 


NJ 
o 
-— x< 
Y) = 
us @ n 
KO Oo 
li Na 
wy) Cal 
a i > 
= Oe 
a Oa 
ZO ee 
raed = LU <t 
—- Omz 
a Oe 
> of me te > a 
~~? a 
<Ww Ne 
— oO. <f 
Ww we 
al ~ o 
Or WO 
— mac 
mY) rtm 
el We 
Yr ~ & 
ow <a> 
fate a 
OO: =) 
hmm we 
qu <p 
(a) ~ ©& 
ae KN 
© = = 
—u QC 
t—- C) — & 
(pee +. 
Ps =x 
=e) = ulin 
LL oe “~ r- ee 
SE Viel ale2; © Pa 
b— LU eo er uy Y et <f 
Dre <O~ YS TFT Ae eH 
Or) > eat © Oo nN re VY) 
—Y meee oO N OF D 
e<[l™ © CO + = <I 
Ww x*« re cp) UY + GIP 
Ire <<INO mM WW Oo 
qf eat ~ i > a, 
NZ” vw~— = O + _~ 
LL pay <i CO) € N N -~O 
rO «KAM us) Oo +t e¢ fF 
Iv ato ee uy ett ath) LU 
Se) a ees 1) 2 ’ ANY et = 
—o —™O om GENK Fr 8 SS 
at ED) = Dae eatline CHUL De 
> woes) = ent “Oo WN 
ie eC) =< Meare CZ 
QO SPrwWwIMVOwWwnWNFDPZ=OWwonVW wow XK 
ree SSS lu uu Ul Huet re Wwtne <I 
Or DOR qq MOOWAWLWATANMNOOWARwM I! WILL 
Zw) UOVOctmOOWOnqonoOOwaaLTetiwlerwes 
DW e 
ivy) mm 
i 
OOM Tal CI 


89 





Seo IOO OO DOO VOOCCOOOO BWI OVAOOVBO OOO SIV OSIOD OO OOC0 020030 
DO AAU FIN ODMH DDO AADASENOM ODAMAAUM FNODM™ ODHROHNY SFNODHDAROANAIMSUO.0 
NT 69) 09.09) 09) 0 69909) 9) 0 09 SP SP St PSE FLAN LA LALA LAL LALA OOO DOD DOOOE EE HHH 
wt ste td eS He eH eH HR tt et te ed ee dt St eR Rt SI A HH 
2a) ODO OOD OODOODO OOO OCC OSB OCOOCOOOCOOC OPM OOOO OOCO3000300 
DOMDOADMDADNANMDOMDDDDDDDDNADADDADDDADANDDDDADDDAMDDNMOADDA® 
en es) ea) =) a) a) a) ey a) =) =) =) -) DD DD DDD DOD DD DDDDIDDDDD 
NNN NNN NNNNNNNNNNN NIM MNAYNNNNNMNNNHANNNNNANNNNNMNNNNNMNNY 


R 
5 1 


MAXIMA 
R 
A 
J 


eS 
e 


GAUSSTAN 
—O DM sb et Yo-bcel/CO)+*2)) 
PAGCABUE ELE IP PEGS RAM eS EUNGT LON 


ss asl Sale GG Neue )) 
AA*((1.—-RBC)**PP ) 


CUB AR Sten er UNG LON 


BB) **2) 


oO0O— 


PTIC STEP FUNCTION 
Biporee ate SE, GC) 2) 


PTICAL 
0 4 


On Pay 


) 
L 
) 


D 

O 

D 

F 

L 

0 

D 

F 
INE-SQUARED FUNCTION OF BB 


iY 
oO 
HEU I~ OrN 
O 
oO 


(XS—-DD) .LE.88).AND.(ABS(YS-EE).LE.CC)}) F=AA 


A 
i 
~ 
+ 
B 
- 
( 
i eee 
A 
lh 
( 
eal 
R 
A 
( 
A 
I 
A 
il 
L 
G 


OONW Ware a a Gm ame Dame Ja 
area eee as SO SsOOZzZzZ l= 
NT << ODT od ee oe ec Ge |) ee | ed es ee ea | 


—7 
UH Mth Oe Siwy FIL HNN Ye OF WUY Om DUO COBZUSA=z N 
Mm 
O 


<I a ee © -<_ OQ <« I WO LY Ie © <I ZznN< We rT 
mi © ui. Wit © LL. 1 CO LL II CO Cea tl © id tL} Ww WO We ee 
mu C9) mall eC ma li. C5 eal CD m+ OC LL ee CD mV OC LL 9 mie OO Pmt pt Pet a OY 
@ 6 e @ @ e e 
aN rag) —- wy Ne) ee @ 
ame Og Cs) (0) WOrst WOU Ow) WU OOWO@® 


90 





Za) OOOO O TI ODOC OOO 8SQ0OOo000800 
MADORAN MOFUDM ODM ASAUM ELA OM OOHORNS 
>&MMM ODDO MDDDNDDANAHARVHAAAAHAHOBdOoOO 
em ed me ed ed ed ed red red ed dd ed me et SR RHQ 
Saas) OOOO ODODO OOO OOCOOXMOOOOCOSeOO 
ADNMNMONMNMNDNAMODMAMDDMAMOMAMAMONADAMDADANMAM 
Dune) Js) =) )-) ) J) > DDD DDD DDD 
AMMAN) ANMNN MM NY) ANNA NNANHAMMNNN 


am) 
yD gd 
ey em <{ 
(oie a 
4 re 
at soos © At 
Oct a ) 
rw VY) e 
4 <{ co 
~_eonm () Li 
eject WO © 
+ + © - 
(adied iT 
bot bt uw UL 
eet See? ae e 
Oc ~ ey 
re am 
et et ‘am lw » 
% QO NJ ~ 
it LL © 
a) © ag) 
+ + = — ue 
tL LL LW re @) 
Wy oe — yu 
LL UL oz UJ > * 
4 /) ne 
“~— = 2) we) <x) 
rr LL. ‘ad > 
e ¢@ Uy OL <{ ~ 
Usb ny Oy 
my) © Ov 
e 6¢@ a Lu vod o~ & 
rer Ss 2. Pilea em > — 
mir > b- eH Ly ) 
—— Ze a = fea) . 
O <twnww COOL Uso 
Oi « ¢ =e « (e) b~ LL. 
ace; Ge Vv) Pa — & 
6 a —7DO> <{ Wwe 
° << 0) =H 
re om Laem a c) VY) ce VY) 
+. -_ Seq a ea Pa —i om >< 
—~ eervrZz ~~) hot CY wae wt 
e ws Usb e« @ te € e e 
rine JI COUUY Ore=2 © Ly 
wei 6° 8" Zam med ee) ee) = UOeue 
Zt OM © Mes <tk elle oe 
CMO SZC +H KH YUAH NY = 
HAUS Slew IO WHZ OO OO Orde 
Coes WH Oe eee Ht OCF LI Ot —S - 
Nowa yy LL. Air k-© Cro 
mi owe LL LL ILL LL J] © UuU<fO <i eG) 
tO CE) et ret CD mC) Dib mL O& UsCO 
e C3 BD, 
Or uy © 
ae 
© 
er, reid. cS 
Oooo. WOURSOUHD  , 


91 


@QQ00 Soa eaqooO0O oO 
FAODM DHO AAUMOSFLAO 
OOO OC9O0O NA AAAS 
QIAN QUOI NI QU ON AIC NA CY 
(Dl BS 1 a) BD | emf a | Se | ee | a ee | ep | a 
ADMMmMMnNNmnMDnmMmmMmDMMm 
5 =D LSE ee PB haw PED PND Jeep fe |e mw an | 
MMMNNMNNNNNMNMMM) 


Lis 
ee) 
> 
<{ aN] 
= Zz 
z el 
© z 
= ~ 
- <{ 
WO = 
ae o 
aa) &) 
LL = 
e 
> <{ 
ze aa 
oa § <{ 
© 1] 
(ee fe 
e » 
oO = 
Ld -— 
e > ~ 
© - tS 
= me) e 
= uy 
= — ca 
o- td e 
Cy Y) ca 
Lid ~ Y 
e) > 
Ce na — 
© oO Y 
ae, is & mM 
ti Ule~m <f 
tad Lu er a) 
Wg Nae ao aS) e 
> I ard O 
4 iste Ow 2 
Ww DD “<< < 
a oO yaa e 
=~ «6 cn 
eS 
dee | re @ 
> << pe a a 
lL oh Tea 3 
@. © em @ 
a Ce 
Us WY er, ~~ 
= Uj 
m << —~e) - 
- m 
> e 2H ata 
O KO OZ ~~ 
aa Us SUS enw ™ 
Oo 20 S220 +O 
Sa us Coe i UZ 
YN Were OQOmnr CUD 
& 
WY) UJ © 
© 
ec 
Cc 
OS (6S LGB LES oc 





mene OG) I OOO BODO OOOO OV OO SOOO BIOO OCC OOOSGo0O0oO0OO 
M ORO AAIMFUIVOM WO ROANMSADOHOADO AAMPFIADMH DHOAAMSADH DHOOANM + 
HH HOI OL OL OLY OS NS EE) OY CO) CO 9 C9 OF OF St Ste SS RPL LATA LA ATID LAVIN 9 0 OO 
QIAIQIQUIQIQIQUONIAIQI ANI AIOIAQIOINIAIOINAICIQI QUIN AIQUNI AIA NI QIAN AIQUNIAQIOQIOI QUOI AQIQIQUIOIAI AQUA 
Pe OOOO OO@O COODOODTOO OC OCOCOCOCOOCOVMOOSGOCCOCOSOCOD00000 
eaFealeapealeapsazeazen[eslanyselealealeazealealeafoelealealealeslealeapeslealealeazealealsSrealealealealealeapealearealeale®lealealenfenieahen 
ee ee a) SS) a) SD D> D> DDD DD DDD DDD DDD DDD DDDDDD 
NMMNNANANNNNNNNNNNNANNNNNNANNNNNANNNNNNNNNNNNNNNNNMNM 


LJ r 
co Y) cs 
WW KF 
~DZ” OO N 
<I 4 LL) a. o 
Piet | i.) 2 
Mt OO Ww exe 
IN cw — em) e 
uw fa oe] ~~) 
eZQOt HN WN 
ade lO lie - 
ft <te Fe WW ~< 
ce parle CG) 
OW Wa WO 
W<tT OO eV 
Rr OY WwW om 
moe eu uu O an 
meet moO o~ 
mH Reese eS oS 208) 
We Y DD o ~~ O 
ZHHOewR eZ YN fe man) 
om MAL oe OC ~ ee 
Se Wet > Ze 
ae CU SOE eS am = 
Wk FOWR We Oe > 
el: ef JObF- NY Oo e 
— OH NO Fao OO ~< 
~ os2rn>sS Ze Ne =O = 
Ee tLAaOOO > 2D ey et > 
O OStKretrOw taza Kw o 
ad <I p= COW A Bie eQ) as 
-— NaeeeO At art ~> = 
= wonocww jn <<. pad 
~ DOO Wear az «aon < 
YW dYvOekOdTO ee SK ~< 
See) Wms. Ke IO eee 
rr >wrOOD ao =) #(v) ~< 
ate vor SN DO Kw * 
~ OWW<TUWe Zz lL <_f 65 = 
O WrReUc>wno e ets > ~ 
=~ OZCOr KES ew VY) 
ee eWEEK b-4 
O a FraIDAW MDM “AM ale 
Pays J WY ZMREN *©O AW 
QO +-TD wWnHNdto KEHKeS MO @QOo@ aie 
eee. CO) = =m eI O O ZUO> NI 
O Cate r-O WW HNAEK Hua & 3. 
~am UIYve Ody HAZ NDe OD eo = oC) % 
SJSOOw FD ec et ewe CO Iwih < © 
Me 200 O04 KE eKXM WY MKvO es —_ 
WwW Ole Ot anasto om 0 2S e+ © 
Ww WOODY Cee Nah) TN ee Q— NI AI OK< 
LC wrt WO WwW DRHOHwe O Va b> prod AN NH oe oa 
Cece! OCIUW 60. or awk) =O * ~<a (a6 OAMNOD K~30O co 
asl eNt KENOK ODO WN ete <I — CLALAWY SWO> ~ 
Lu ee wt) =) <I>OQ WD rmN AO De FB NO eee rN (a 
Z NCRORM > BN ZZ AWaAWN wee 2 ee WAAAY ee OR 
— Oise DMOM enOO LHe MWUTHADORM &© © eo we eo ew OM OVI ZAINNE ZH FN 
me tf WilWl<t mre O. eO. Hen ddboomooOtOoO Nera w / etn ww 
5 WO TFT CA ZZZNMNO e(NTAW DMPK e— sy HU WW db We eee NY ORM eRrN 
Meroe Wi OQOOVZZMNONW IN nu i ee Be at To Seated le Lee Ol OD) ha Qna)|nare 
ce Zl One SDD WW YH WwW RRR aa 6 BAR mee HH Se QD OOK] HW I OMUMN 
QO Rr ‘QO STS STCWeeasw Pt et ts et et ws Ie ywOzi vz i 
D WtHDRYNY OOOH ROA QA HOODOO we DOODOOO RH MOUWIWWE YY ILNtakr<tM 
ON WRLONDOYW QUUOOOZOAZ=RrTACOOWOO«K Ke eK KYIV CCOCKCOrDOL 
Je (cai Ul fea ye aes | lw LW 
NOOO <t Sw lL Nl ce 
So OOOO OUwW >) rs NO 


92 





et IO OOD CO OS OOTMO COO TVODOOODOOCOOCCOSO0OSO0O0OOFTOO0OSO 
UO ODOANMOSNOHDNOAHNM FN OMODMHAIMSFINOEDROANMTNOMHONORN 
ODD 0D0OREEEEEEEEE DO DDDDDODDDNDAANRAARHARDARHOVOOVODVV OPRAH 
AINIAIANIAIQUIN NI AIAQIAQIAQIN AINA AIC AI CIN GAIN NAICIN GQICQINIQUIN QIAN OOM MG MI MGM RAM mM eA 
Peter OC GOO PTO OO O70 OSCOOCO OTOO COO COO OCOCOOOOOCOOC°COO0O 
DADMNMNMANNHNDOHDODNDAODOHDNDDADNDAMDDMDADODDDANDDGDDAMNDNDNDDAGAMNGAOMNMDYD 
ee ee es es) eS |) > DD DD DDD DD DDD DD DDD DDDDD 
MN DNNNNN ANNNNANNANNNANNNNNNANANNNNNNANNNANNANANNANNANNMNNANYN 


© ro 

i" o = 

> w- e Zz 

~< oO - N O 

> Oo ~ il Zz m 

-_ ad ~ — Oo < 

e mw on Pat a") ~ |] 

e tL —_ weet ~< oy eam 

Lu - ee ey 

ad Ce ac -_ — a 

e = — e — Sd & 

za oa, ® Q — 

= =z - Oo > = 

> <{ om —) Q ] | 

~ a ee Co O Y) 

r) JG~—~ @& uu > a 

ra dl (4 e a —" Ge 

oO Yn >» = ~ ava on 

6 =) ~ eH — © ~ -m~™ LLU 

® O = OF © o> Il oe — — D2 

e jm ~C ~ | a Ld on OQ x -«f 

We) ~ eH AR em x~— | i 

Sed uJ ~~ rte tp) ited 7-~" ol Us = 

@ be mete OO KOC “—_ <I a 

>< Ie OO +r am rt eo ew 

~ O * AZ aan ee KX —“ Os 

® pe - HS am OO | ~— | Mm tl-«~ 

cm tc -_- > eeOe™ |= + e 

oO Om Qe ado el rs a ON AN 

e oe — > < e etuaz — es mJ) tu . 

-~ Q. e © \e=> Witz e O mc) er oS. Ud 

6 O TC Poe a ae a ee OX et eH 

Q O a) 4 > I Le BP Bad aQ~ =~ 6) —_— ee 1 

® mae | Oo — eZ te + >~ F&F ™ wet OD eet Oe Zz Ce 

= — IN XX Newer tH tan SS 4 tlt st 

e 4 bu — =~ OKO % © Me mH OY LW OR KR KR Oe aN 

al pe Zz A ZKO}R Or weRw On SST Ow i WW a5 <i | <I 7 

=) LL en aE eh ood | ok Od 1 ~~ OO Se aZkE OO ae ee 

x< pe <> a op PaaS eeXKOD Sem rr ZT Ht 2 ens zZ OO Oo“ 

—~O (a oo = SOM MOZO~HO~w fmt A KR Ke ROK 

oh} Zz Ww O ASAE OOO *toOO~WOKHmR K O rOz 

~ <{ - t I> oem es KR me Oy ze manent OO 

(@l@) ly ty BNA tae | KOR Om — mS 27 OO mt ON 

e ie Om fw Ure ee em enc _ = eel ce oe oe Boe 

—_ <I ws —~ RTM Onan fer «a e m><> >> Rt XX 

eo lj o— ee @M AO ee © elu ee om « efw e wm O ee®eoee < mMij+ 

Oe CoO VY) e ©e eOWWZOWYOOOx<~ @G qe 2 WeeErRWwW Of | te 

ee “Ww WwSwWweRwWOWZS tusrxK eWIt WwW @G gqEZEZOOjy Ww ack 

LLC? tli eo © Zraljeno © e em 8 Omer OZ e tJ meeeet Q FPO= 

ZVWMMNAo Tied m4 OF eur Gm my em ee KE Om 6 —~ §nraeoo <j > 4 bed 

| 1) Gy ae OG eel | Pa ALL LI Ot ee te etme tt mL tt ee LU m4 > ee 

<eF +] | 4 WO >< OD we ee em we J DD I eee DU eee 

=<O00O0OQu ~~ WMO 8D oe -OOML > > OU > We mew Ot rt OOK 
md SOK KON eel Cm UR KK Ke KK NO KKK x KE KKK OOO 
mm ON AQ OOD OF NZ we te ee HY eet Ee HOKE Or rere te SH tT 
~~ 3S ™* KZ oT we ere OZ ee SN aero L 


KLE SSE SOwZTTOO Me HLL LU Ln Be LULL ELOQOUWUWIL UL OWO ral ee 
Set Ke EO SKE TOO KEK IO Ht KOK KH BO HH et Of I OS 


© uu — ei O Lu 
>) CZ cs) an) 
Or >) st UV OW 


B15 








Pte) OOD O DOOD O ODO ODO OOD OCOCOSB0OSCOCOOCOCOCOCO@®doOSB0OOR2D000 
MSFN OM ODO ANG SFINDOM DNOANMSFNDMHODOSAHAIMSELINADM™ ODOANMGSTOAODEY DMO 
mtd td INI ONIN QIN AION A 0 0909 07 09 07 09 0907 0 SNS St te Ste EP SLA ATA ALAA LALA LALA LO 
AM MOA MM MAMA MA MMM MMA MMMMM MMMM MAMMA MMMMAMMMMMMAMMMAMMMMMY 
OO OBOVWMODODVODOOVBGWV DO ODODBDOWVDO OVW OD DODO COVODBSOCOOCOON0000 
fe alee lea VoalatloatealealaalealeGlaalealaaloal*lealeale*laalealeGlaaleGlaaloa laa laa leale@lealaaleGlaaletVealealaaleateale@laalealealaalealaataa’ 
ene) en) an) ae) 2) 2) 2) ie) 2) =) —) ) -) ) DD DDD DD DD DD DD DDI DDDDDD 
NN NNANNNDNANNNANNNNADANNNNNNNNNADNANNNNNNANNNNNNNNNNNNNDNANWNY 


Pa 
<I 
ea 
ce 
<I 
e oo 
a) 
za ee z= 
m4 LL) =~ 
IO 
<I uw 
Caled ee (a af 
m4 () ae ) 
ee Ire O oa 
WY) re Y) al Y) 
Uy = 
Zz 2 <I OQ 
— — OY od we 
— <t CC) <I 
Wc ae 
t tO ce =z 
2 Oe a) = 
a a - =) 
© Ow Fas nae 
ak — > 
a8) ) 
jtY) Cc) 
LW wi <. Pail WY 
QO — <I =] mal 
) _~ C Y= ~ 
mH OWN ba oe) 
ae = = ete | o ad 
N Pas am) 1 od Ge] 
OO * j Uc ss 5 a) 
>~>-OD -~ ‘ad ae = (ad - ~Y) — 
lel s< o< Om OO am XK ai & ~ am lL Y) 
aN 1O N<t e—~ LL <I ~ ~O N@O 
sual somite ee Ot oa Y) al Wee 3 9 eP - 
a all oe > I = ee ae SOK ae ey oS et te 
olen ee eal ~T se ORnt~ ex OO} a) o o — pot 
Seer +X QO Rew ~~] Zk uw = = him 
OHH jo Oo wae HO ~ox 
Peon la —~ + © Cf OWN me WW * e ame a 
mee ee OS OO to Over |= a> (9 ~ce ww 
O22~—~ J =] © (~~ Te «< e- XX < © (= 
Tr NNOO”-X <t x] <t Oe ee ee Le COS OUOX<+t <r 
mt tome tH LOL) kD ii. sts OH Co wa DZ oT me LK Ht 
XK HAMAR KS Zee eH Te WwW eTrR Se OFS ~ aS ws Cw >sirict 
OM 2OS Zk Few HHS OOO Se I Ist an Lines ee C2 e624 ea 7 
ap) 0 OO ee be rd 4 1B ic i ee ee ee ee — ~— pH © WOeN Ontai~e 
OOW) ram K DDD ZW HR RH WOW & © enw 0O eT tO + wh WR OX 
Ox KR CV Swwwr— |] I | DOK KID Yeerrx~D CDVFZLTHOOOCCOO iy OrCMaA— YA Kei 
OLTTaAWwee C22 KZOKHOr2WRe~G ii tN 2 Huu We wma Ww yw Ges 
Hxeest) | ordre DION RNA Oe ee Om mn meen Damped NYO 
Wor co ISON Re eee x HY WRF OX IR QU ate te Or Het Ti oe 
= tt jl ee eee Now We ee ee TL fe et a ee te es eb J | oe ro oe 
CTD eRe PO MN LIMO IO. tHOevOIUTOOOVO} Owe Oo YT OHnratiwodtn~ 
OX ete XK KD DDD KRY KOLO HOKOKACOOUN XK $+ KS KCOKZCOOCYCOZOAMDO 
m zat © Ww 
LL <I> OO e) 
Gan | = 
PO Oo OOo i) mt) 


94 





Pere) (9) OOD OO DCO VO SOOO OOC OOOO SC OQODDOOOCOCOOSCO DOO CO0000 
K=AQUCA SIN OM ONO HAANUMGHSFINDODHY ODHDOSBAUM FADE DHOAAMSADHDNO HAO SINOM eo 
O00 00DD ODOR MEE MHEEFPDODDDDDDDDADANAAAGAARAHARVAAKMNOVVOVDOOVO 
‘on Kad Tontas las ves latlaslaslaslan Bad laa tastes las lad lashes lation leslas tan las haslas las lenras tad las les lad lentes lah les faS PG let cela w et Cet Gets an w 
r=) DODO ODO QOODODDOAMOOOCOVDVOOVIOAD COQOQMOIOOOCOCOOOCoODCWIOC0 
MOMDNMDMMODMANDNHDADNMONAMNMMNAMNDHDDNNADAMAMNNADNDMOODNMMAMNMDDNDMDNNMONNDNMDMNNDNMA 
ee ee) 2) a) ae) =) =) =) =) =) > >) D>] > DDD DDD DDD DDD DDDD 
ANMNNNNNANANMA NAN HNANNNNNNNNANH NN NNN NN NN NANNNNNNNANNNNANNN NY 


e 
Zz 
© 
i 
~ 
< 
a 
© 
e 
Y ea 2 
w uw > 
wa bk VY 
eo) = 
a eS te 
<I ow 
Lt = | 
Ww ~ w 
qe Ym 
hr © ~~ 
= oe 
cd Y) OQ. = 
LW) | ~~ 
a tl => 
oO WY mal e 
QA mm oO - 
w> | ow 
amr << aa CD 
mit fe ~ | 
wor WY Vines 
= Ul) —~ > 
> Oo eg 
aoig) © QO ww 
Cx k& = Pees Ov 
< => ~~ oO od 
se WY) XN >”) 3) + 
Oe w — mT < wa) bk 
tL) Y) ) SRY a Be ~20.0 a 
Cee - O. | > Ol ~ &) ) 
ON wn ~ LU tt Zz co 
wd <f 7) Lidia rie <{ 
Jus © ap) HO. ec ~ 
<I Ee ola ee Gils aa) t- <I 
LLI >< = ~~ ke | ana lam a Y) Y? 
St <Ie<q On Qe (am YM eee her Lon tee he) Qiao => Lu Ne 
SS aus oe a ae oes ee ae Jak aaa He 25>) - = es = 
mM Zteit ew TH eee Oped © pt Itt WN = me 10>, 
~ rec) [ze orth er h4 CTD Tt at et et 7). <I ° @ 
~ Wore et ert ete ee terest | Ps Ye ITD = od ome, 
OX Cy WE ESN HOO HD NAMA QODNDOOOWSNNMOAOF I © ON em ll Ds WwW 
CQWwogtwnCrM€<>-RZE FO WON NADE ee UU NE ODWNIDUKKNIDOO AA IeS DDD 
| et | SN oon meds - a < oe ee ee | oe ade | ee DIMA mMAAR SHY WU Wurm conta 


KIO Z MT OED ENR AUMOAR NOONE ES ANMANMHR NEE ARADO MR LRODNKORNM 
ONO ND IDI AYN IDYIIDIIIDIDE NW DADDIN AND AK eS XS 
w—ertewr Se ZN I WD ee ee ee ee V1 UD DD Meet at ee ee ee SON eee I] me 
O~ > DE ODER HLONMODOOOOUOODOOHNMOADODDOMOOOTAONOVDVOOAOO>tOUW <I> O 
~OAXKXUKOODQHHODND «KK * KK K OOD KK KK KOUTA KK DOK KM ZKMNOHMN KO 


Ou _ 

Om wWw LE 
N mv un sO is oO Oo 
AO UO ao ne ac a ah) et 


72 





ray OOO ODO 2POOTO OOOO OCOOOCOC SDC OXOOCOCOGSHOPMTOOOCOO0O00838D 
DO AAIM FA OPM DANODANDSFNOE DABVAAIM FINOMH DRO ANMSFNDEAOHADIHNMYSFINO 
Ott std td RAN AICI QICQIN AI CIN QI 0909 69 09.09 69) OO 0 OO SSS SE FLNLA A ALAYY 
Ne a aa Ne aN Ba Ne A Be RS BS I gS SS NS I SG i i SS nS I I SN SB EG OG OS OS Ow OS BG OS 
Peo OOO MOOD DODO OOCOOCOCOVDOOD OVO OOOO OCOCOOOOCOCOCOCO00O 
OONMNDNMMNONMOMNMMONMMNNMHMOMMONOMMONMMMNMMODAMMNMOMMNMNMMONMMNMNNMMNAMnHmOnom 
ee ae) =) 2) a) ee) a) =) =) =) =) >) > DDS DDD DD DDD DDD DDD DD DDD DS 
WMNNNNNNNNNNNNNNNNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNWN 


= 
O 
ow 
tu 
pa es 
~ >< = 
=. = 
a = = KOS 
—_ = i 
> SSD Ieee Came 
UJ tl a il > 
me ~~ _ =) mad 
a) —_ ~~ x —_—= «xX = 
al ince P -~ ~ 
<{ e e — -— ~~ be 
— — ca —_— = = 
Fz 5) 2) — * ¢ 
— bad = a fF Qa & oe ae. 
ee Y — ray e a ® | —d 4 
<< <{ a = e e << 
3] LJ ~— ~ es eee eee) 2 ae OW 
(ord © oe ONIN — mH ee 36 3% 
tu Zz — > ° ete aj) 
Je O — ee N mM NI Boat . x ® >~-> 
te 757 oO > =) JN ee OO 
ds © 9] QO 7? & cee - > <1 (i> << >> 
— © C55 i avg am) CQ al . = @ aes Soond 
Ge NI -@ (~~ > qn“ ct - 1 | 
uJ ~ ui) “om eC!) uj = x“ © oo * - ae Ler) 
| om) CQ <m ae | sO Oo ce can Maes aaa, a a. 
(eo) WY aa WY) ~ Ox +X e 2 e A >< >< 
Fad Ne © Ne e —~ NN | -MN-a~w Oo = 0 2=--MM 
<I =U ~ = UW O Sz=> - we SH = © @© @© e)—>% 3 
Se >. WwW asm DIO — 5D * NNWDIZZ WW Ws WW Wee 
<S—~ oe To |[o4t ete QO *e DetnZz «MZ OO O OxX<xKIA 
IINASK~ BD EN 7] am om UL ee LU tO ee & ° e © er es > OK 
Sioa s 72> Ofte UHR OrOAxKSIHR IND 35D U5]DhlUD6hUW I OI 
DT UL ee DT eee 7 I DIMA IM ATAHOA VAIS —t—4()} OO 


— -— 

TZOO-KOTMHO KOONKKONMDAMVIIIMO$KCON|N Fm NK Swe ewe ews ~S il ile 
>< OA we KOE BTA TOS I ON ee KE ee I KE. HT EON LI I OR et we ee OO II 

— II Www Zy dWUWN Wma I | eS ee ee a | TH] rT Ho ee tO 
O~DOWMO>OQWMNrM”TrOLLO>FOLWMLOKOW XH IORTAOMDLDWLIU UU KX KEE 
ZKXNDHN KVEFNDVIDNDOMAN KX DOMDHOAD>SFO KOON KUO KK KH SHH KW rH NOL 
m4 uJ Pal 
LL. Gj — 


oS ro aN] ran] t+ 
© NO N N NO N 


96 





we OOO IO OODODOCOONOOS DCO0CO00R800 
MOD OO ANMPEOAOM DAMA FIND DRHOANMYSNO 
WALA OD OOD OODDOOOUOM Mme EM- ~M™OMOMMO MDA 
speedos “de SS sr Se ESO ee ae 
Sa) OOO AOOODOCOOCO@D0O9D ODOOCDOCO0C0Oe0oO 
Sen COOMOOOOHMOOnMmMamOMam Nnanmanmaa 
er a) ) DS) DD DD DDD DD) 
NMMNANNMNMMNNNN NNN NNN NM NNNNNNMNN 
’ 
aud 
< 
> 
a 
Lid e 
amet Y 
al a 
aml ame 
= 
=) cad 
<f O 
Zz ) 
O 
aD ~~ 
O <{ 
1% (@ 
bk fad 
or <{ 
O ) 
Zz LJ 
ee <f a i 
Oo bk 
tu Oo 
~ on bk Li 
as hf ° 
ee MN <I N 
— oe ~ 
wows «= OC) Lu -~ 
OO OF > ~ 
k- <{ —; 
am CO o 
a UI oN — 
== NY a~—_ OS = =~ 
<r cor _ x~ D7 nx ~ aa) 
Tee SNM Ima ee RAIN © © 
carp CC Oc | eae emt LESS + of 
S39 -ODNTNI DM Hees TKO ROE 
eee Wl et pf ep wD Bele ef] DreN HO 
I NN OW WO dest eNO Net 
ce oud OO ee | i S| | ee OO | lo | 
Ot wre eet) Se ee MD KEKE OKC SS oe lo Pe | i 


SCY Z2YN At ANVIMNZSN 


LOR DZEE 


WY Oe SOS SZ OM & FV we DOTS eYcte 
Aww F Oe NON oe HH DDO INNA I Om 


ee Wott |] tet LU YD 


I - rmet be or or OO 


OWWOTILONONTOReewrw ts i TOO New UOOZ 


OM OOAMHO DIDO HOUOOYMMKHOOQOHOOUCMULUL UW 


x oO 
lw) LL 
wn Oo - 
NO N ON 


CQ099010 


at 


Bio SOOO OO 70090 
MODOANMSINOE OAMVMH 
DA DADARAAHAARAAAHAOO 
Sse senn 
ODDO 9000 00039000°E° 
ADAMNMAMANnMMODMMANMAaMaM 
my 2) =) ee) 2) > I) ys) 
NMMNMNNMNMNNMNNY 


e 
_ 
ee 
L 
QO 
al 
<I 
r= 
oO 
1 
Pag 
Lid 
Lu 
= 
- ae 
Lu an ee a 
oa) <x awe 
“N  <tk 
~< a F< 
~ — <It+ 
> a ee 
a8) <I Lr 
LS tC«N h—- OL 
~ OO *- << al 
~< Ov Haz I 
ee 2 DW alert T= 
pee EN Oe se 
a =~ (6) e<{f-<{ <1 
= OO WW Arik 
z= ete O esto 
=f ser SO. 
- Ov wee Om ome 
— WW Wemeeee 
16 Val (Vee ies) 
Z2zre TN fe ¢ @ 6 
oO Sw Wii Wwe 
mm YY) ee (WZOOHS 
b~ Ww OAs ¢€ @e & CY 
Cy ck W Wax xX >> D 
> D WWNqenwwewstO 
D QQ“. ete pPRKLLWLWULILWa 
Co no We <@ fon amcor 
eS re 
©) © 
© 
© 
\ 
So 1 1 (SD) 





mere) CO) OD OM OO OOOO VOMOOCOOCOOOCOCOCOOSRD00COOOM 
NOFINDM DOORN MSEMN OF DHAMAAIMSFAOH DHOANMOSNOKY DAN 
DOMPODODVOVMA AAA RMA AAANNANNAQINNGQNMMMMMAMMAMAMOS 
LOVED EDV LA LD LR EV EV LY LO UD ED EE EA LI ER EA ERA LV ELE EA ERA LALLA LAL LAA LA EA LALA LEA LA LN OO © 
mers oC) OC OODVIOOVOODOOOCOCOOS80C0CO0O0O0000O000000m™ 
MOAMMNMNDOOMNMMODMOONDODAMDHOMOMNDADDADAMODDODVNMNMDMDNODMODODAM 
ea > >] DoDD aD D> DDD DDD DDD DDD DD DDD 
ANNAN NNN NNANNNANMNANNHNMNNANANNNNNNANNANNANXNANNMNNNNMNNNM 


> 

= 

mt ‘Za 

e Uw 

==) LL) i= 

- TL LL NJ 

rd bp }— 4 oe 

> WMO x< 

ees: 86 tL — 

= ONT . 

-~ owt wn a 

~e Ww WM VY) 

= ZZY) 6 ~~ 

x ZOOFN x 

~ mtr LL | 

= ow © 

“x FUZOYr ° 

(oa za Ue ts a a 

aoe WwW ©} 

a. Beto = 

-~= OO Oa - 

aes DO Ww = = 

~ DE*ereM A a ot 

* OOOdMAH wW ~ >< > 

QO zZ7owe o - I I 

x< Mw wWwil ml ad Se a Os 

~* UU OO we o >< > 

~ 2x — e ~e — 

— |) ~ o aN ~ ~ 

~ meio) tL a“. ~_ — 

—) (30 0a | NJ oa a 

x PFpuUWt << On > >< 

— = rWY) | | 

Cre ONrFeer xX _~s ~ Se a 6 

e ny wy >= N oe = x 

QO ww Nw 7 ae cup ae ~ ~ ~ 

~*~ UW) et ey 3% — ad + + 

fom COC) 1) of _ nV) Ww ~ ~ 

Sees) © «KZ WO -~ II mJ a Pad 

* DAWU Be OY Se © < > 

ae =)I() >) * fjla wae ag ( I 

x< SiO ae | ~~ | e Uy a = 

* Wet LO “Zz oa>—~ ko NI x< > 

OQ Oatwret *r4 x~—“—O 5 «@ o “AJ = 

Pee OZ Ot = } ,+>% eN ox | | 

~ eC) TT] at ”7~o IN Il ome™ = ao 4 

OQ WYrFSH v1 Z> e¢ <3 TO~N « Sb x 

x WUWDoOx«K om o aa op <4 ee a) il {I 

~ uu. Oe <x «TL 1 bLOQnas~ «<XDNYN . OG ae 
WrY~MNZF <x SSk+K>OO!l= se oa a=) ee) 

PEC icru = = mtteman | XD HHT < ran) 

Mm FrDWW DOs Om e« eT} fe el - ~~ © 

Y ea) = = * Ov wee et > TX 6 ‘ad az a > 
Yee Ze *NN ee ee eer ~ <> > OL 

Ww W Vet tO e > ee ho ee De ee e © 

Z FeOM OO Sere ZZ sw Det oe LL Wi WwW et 

— <Tey LW i dl KX > YAW SRrZNOm aa | ZS 2 = 

fae CL m4 bobmwecto tse 0tN NO e ° 

Dem DAWR SY OV eS OSE ZI ERR OR TRO a3) SUAS Se oe 

OUS<AIZz yf OC On KR INdgeedT eO 22ZKre2z>axat 

WZAYHOLW STO! eww M&O OF UK er DE 

m emai STSItyrTinu dud ne Co to 6d Ht tt (eee CS 


DO O}RWR OCU eK RR RY RAIL KOT OOUUOLWOZ 


NOZUIZOWN OOANLLYOOK KL KOH KOO Sete eo 
oa-4OOx<D aes 
MNDOws oO 

© 

© 

Or oO 

WOUUWUOU a aN TaN OW 


98 


>) BP De VB} | ey fe 
ASFINOMm OD 
O2QO0080® 
SPTO0008 
2220 0CO@ 
onaonnamn 
SD fae SD ED yep 
NMMNMMNYNWN 


SUBROUTINE FREAD (NO,RO,NF.ZZ) 
N 
: 


D 

E 

B 
DIMENSION RO(101) 





SUB00100 


NJ “on 
NIN ees 
orm weet tet 
Oe OO 
ZOOYCY 
2 


~~ e 

Qari - 
OO il o@M 
* OVr4 0 CO 


SUB00120 


PC 
sF9.3) 


LL) 
e Lf\ re 
ule 
mm CO >< 


lLo# © elit a 
zvwo LoD wyd Sw 
wes Oe ZI 
Wet tur <<< Oo 
ae Ci} 2. SS > 
Im DIe2erererro 
WrOWMOOOOWZ 
Geen O> = OLLI UL oc tue 


COoOoO0O 
SiN OM 
ani 
a BY OLS) 
Sooo 
aaonm 
2 ap =) 
NMMY 


COOO0O1 


SNO(G\ ES) 2) eel ele) ee lela lyn la lel @ le Lar we lee ge ae ee lal as aol @ ele Tere 
WNOANMOFINODM ODDODANMHPLAOMH DAM HAIMFINOME OHO 
HAI OAININ AINA ASAIN A ON OF 009.09 609 60) 0) 0) O09) 0 SS SS LN 
DQ) ONS DV OND! BI Ol iS SP 1S 1S 02 | 2) OSS el el@] ee lelelelel el alain lara) 
See] OOOO ODOC OOO OO OOOO OOCO0C0OO 
AMNMMMOONMOOMMDOMMNMDNMMMDNOAMMNMAMAMNMOMDDAANMMNMD 
Se ae a) = > DD DDD DDD DDD DDDD 
NMANNANNNANNNDNANNNNNANNANNNNNANNANNANNNNNN 


e 
) 
N Lu 
6 ce 
~x< Lu 
— -— 
~ _J ° 
oe) <i 
Y OV 
ad Y 
~< mC 
O = 
ca  <{ 
~ | 
LL) o 
O O tL hb 
- © Oy 
=. 
ke ~ ee 
=) Y) Li CO 
QO. ae =Ov 
= Lu — 
i = mal S) 
WwW - 
Y Nl a < 
<{ — ls > 
= Y eg @ 
~ O 
a <I qj. 
©) ar Lu 
— QO. - OC 
a aa) NI au) 
= <[ al Comal aaa 
e- LU ‘ae — 
e xx eS a < 
=> = © — 
wot ™ =N NOD aa 
= eH ae WwW) 
or a nt ran oY < ~~ 
a) eG Us) ode Ov O° t—- << bk Om 
=e gee ~ + + ma <~ = 
ere Lil i 0 sO eae ~< a a) ee 
= {2 © New ele. <I mM % de 
O dre = Cww oY) mm ff UY ee If 
~ FD eH —-— LL) a @ J 
<—O wm ort CO LW ji i ~~ © 
—- Od oo | roa ee — o — meio 
Zz Ox << LS = 7a im CC => 
ms WO <li Zz ~~ eH — <T x 
er TH DZ IN ao «x WwW +o we a eee” wer 
oO FF FHA aA <<a lo } <f . = 
5) a ow « 86 Is LT ee iS OS oe Le ED 
Mee «OM LUOGD = RO >sHOmMmM NSN MEO * 
Uy <{ SPWLUAX KH ON Ot OH WROD TT 
Fae = SZZ ee NIC NnNIUD RRO © erin + & CHE 
= mcft HOOAMOXKXDEN ef} AIA ZORRO + FOO + 9 
me vee SS SKI DWOW fe ed we HRN Oe NN I 
DF AW ZNMTDIDZWWNOMkRY +¢FR ML Ie =7 
© 0O O42 229K RMRM NPS Ormeau Dy 36luw > 
OR OO TW et I J UD Ww NE Ne EF HOO 
QO 20 2S on pecan | Be ee oo | | | | | 
> Ome ILL SH KK SOR U MN KOKHw SV YZ OD 
NM ACA“W YVODORHDYVYVOOR WH He ZOYXKIS SIO 
al 2 & PPE 
Of ri) 
WOOO OU _~ N 


oS) 





mane) CC) OOO OOD OOTODOOXQOOOONOO 
FAIC PUNO OD MHAIM FIN OM ODOANIM 
LALLA LA LALA AVENE OO OOOO ODODE PH 
Sasa ODODDOMODOOEMYIO2VTVO000®2 
OSDODODOOVDOOGODODDOOVONDONOO0O0O 
OAMOMMMMMOMMMMMNNNNmMMNmMaNMgmD 
a=) >) >_> 0D DDD DDD DDD 
AMM DNANNNNNNNNNNNNNNNNNNNN 


eIMAX) GO TO l 


a= 

eo Im 
LN (yy 
oe i) 
ath 
Se omen etl 
qehMe 1 
OL YEA tne md 


ee DATA (G), OBTAINED BY GARRAY, 


OF 
CM 


enh + 


—-tL lo 

Td Ot 
Lilw wm ete 
Tt e ~ 
RMI I & NX 


am g 


Ce on) 


PAO de NX ° 
CeOT eG KINI 


sage 


') 


eM 


my 
eo 
<< 
iy 
eo 
on] 


o~ 


THE ADD-ON FUNCTION GARRAY FOR Z=',F/-3%'! 


<4 


Cod | DCO ZR SO et we et ee ee we 


O | Omen HH O~ 
$iU ER Be RREREEERZ 
aweerstumOrRS tate tee 
Pau he we he SU ESS TSE D 


(oop I G2) 


{| COR ete 1 OOF 


o~ 


ee 


oO care oWw 
DO DADA 


mYvYOMAYKCCYLRO 
MOOMYONRRULCOOOOOOOOCOWaA 
te SS eee SEL EL ULL LU SP 


TON 
Ov OY OV 


QS) 21 GIS @1@1@le@(@ Gale lay e 
PFINOM ODO AAIMFUVOh co 
[~ P= Ph BB 00 C0 cp CO ON OO 
O22 O92a9] 0009700 
DOOOO0O9080000000 
ADMONOMONONMONMmMoOnmM®d 
=) a ee) SS) =) =). ) _) _) 
NNNNMNAMNNNMNNNMN WN 


SS 
<t 
a 
a 
<{t 
Sa) 
LL 
© 
a 
© 
a 
~ bk 
Co ce 
e« © 
x aA 
= 
= 1G = WY 
= = YN Zax 
bo eee 2 (See Tog 
So een ese 
—~ UWUSsr NM WD 
©). 2 Oe 2S 
Ll 2 eet 
Oo +-WM ~ @ Il 
2 EAC ia 2 
1 U5 ei WY 
ave &) . ~Y) 
th rat 2) 0S se 
a = W Ne 
O FO Wee 
~~ WN al 4 
ey CZ = Xi 
QO wy WW Se 
~ tL ne? eg 
& ~~ saa om 
NJ Ww Zam x 
~~ Tu OxK=z e 
— J IS ee 
i il oe vo—_ om 
O ML = etLO 
Pz 
=) 
at 
C5 
WwW TSH Se OOP LL 
mz. tS WZ © «OO 
mw 2Y NOM Yee 
Ke Du Dt et as Se tet 
(Gur ew) -~ bk = 
8 
Yr Tor SWeb STD 
MO OM SDeeCCkO 
=) Ae Cnlie aig eG aa BS pa 
Pima Oe ee) 2 SLE EE CE LLIN 
a“ a0 = 
© ()— Oo 
© © 
oS oO 
eS Ov co © 
WO OoOc) AR Rae (WU) 


100 


OO7O@QQ0 
HOMAAIOS 
COO OO OO 
SO] 9060@0 
DOCGOeOo 


(2 +XO, YO,PHISYM,NOFs IMAXsJMAX 9G) 
C 


N 
COMMON /SYM/ ITSYM+ JSYMeMSYMyFCUs, IMS, JMS yQSYM 


SUBROUTINE READ 
E 
A 





Se O77 OO F000 CODD OOCOO00CO0O0 OF000OO0S90 0000 
LV B= FO ONS AOI CYP OE DANO AAUMPFINDHY DHNOANMN SOOM ONO 
DARNDDMODMNOOCVOVMO AAA AAA ARMA ANNANAN AINA AIN AIS 
MOOV OP gk At AAAs dH at dda td dada 
Pre) DOOD OOOO O00 COODOCOCOCOOC OUD OOOO0800 
MONMONUONDDAADMDAMADAMAANMDDADMDADAADNAGMAADADMOADNMOA 
ae) =) =) =) > >) > > D> DID DD DDD OD DD DD DDD DDS 
NMNNNNNNNNNNNNNNNNNNANNNNANNNNANNHNNNNMNNIYN 


oO e 
et 
he 
tLe 
oth 
NI >< 
<I 
= 
j=] 
Vine 
<a 
— & 
-_™“\ 
Wo 
ue 
Or 
Zi 
Y) =. a 
= > = 
ep | Y) il 
a = os 
Y ° oo >> 
= —_ FX it aY) 
rm WT = — 
a > (2) ale 
= 2") Y) (UE yale 
~ ce = aa 
Y AK — 
> wea ~ eS 
o “> — om 
> all oan. ~< me NS 
~ = & <[ << e“~ 
a >. > oem“ 
a 2 = co ef 
eH e <[ her 
SX oe b~ COU 
=a nA ce oS a 
~ Trt e mae ae One 
aN; ce #2 ~ ™- IO> 
Za X ep Y) i We~ 
mx<<I OO we N Cae 
eds > «© ~— CO) 
AS eX e tL © (v) 
<> *O~ e« Ox be - 
ex<XO em « esx © OQ ee 
= S. © ort = a cee ar) ms ef 
One ananZ 6 cr ae) x Dee me re 
wes (NN CO OO Or tT NAN - | <I emt ith UW e« 
NOM OM Uke) ee ee a ee tee oe en i 
O ee em eMOSLMOHI~ Fe Ih 1~OO COON. Il 
MHZ aH XS EE ON PW OHO NAIA PAO ARAN OX 
NOZ 22 Oe > RET DG tHe HNN $F I oem tu NO 


PHD ENN HO Il SN KR KK KI KAO STDRE Se KS 
ZY wr I ZONNIL KI EE IID SAE kr OZ 


(a aa Wit uKraHh MN SF eOLaz STN * maga cy 
Z=WOODOOKR KS ww we SPR HE TIO oo te OS =D 
Pe < 0, cD ee | | | Hr OY & FO 


ORWWWYDQLOLNOU DR6wONMNTFOHMw~~w OU OD eZ 
OOK MCS MTHLH+ GORA OODMIIDOROOWO WU ew CWO 
AN 


Dor 
aN MFM MY 


Coo0e! 


101 


SOQ OOooaae 
ANIM PU0M ONO 
OV OVC OY CO OO OV OF OO) 
Foe Ree Marten Meas Karen Kae Rae Koen Rowe fo | 
DQ VoodocoOGon 
DAMNNMOMNMOnnm 
ay SS 1S ep PD ee ee SS) as 
MMMNNNNNNNN 


MAP CALLS SUBROUTINE MIMPII AND PLOTS A CONTOUR MAP OF THE ARRAY 


a) 

Fas 

<I 

fas) 

~ 

Mm 

- 

< 

e me 

<{ J 

- N 

= — = 

ae - il 

o o rad 

=. ae © 

a ee (2) 

a 2, —_ 
e 

a = -~ 

<I —_ e 

= —N © 
I + e 

eH) —TN od 

az zoe at, 

_ Onet e 

i msi 4a © 

> MOnaDAZ 

eG Prat WoW << 

(aa W<f Heme" OO 

faa) 2k On~ 

= m<fO~ OW 

Y) OOOK-Rr 

OW 4 





SaOO@rdoe0000 
AIH FUNVOMm ONO 
at apt a ENG SENG ga pe gle ol go wT) 
ron Lene hat ieee Koon Rowe Roun Rowe Kaen Kaen Rape t oo | 
OoOodoooo0o0o0 s000°°O 
oA)(cf loa fe@ fas loalosfeale@leayeales) 
ea =) ) DD 
NMNNNMNMNNNNNMNY 


2" e5/ 7} 


NOw.LT2O-} BAND=—-BAND 
M 
T 


wo tt YY HL OE OO 
ees a NI NIcy <l O Ww a 
mIr<t OM FSOWAWwPr 


49 
CQJ001 


Sao Vee oe OOO VIO VOOR DOOCOOCOOOCOOCOCOCTOOO 
TM FLUVOM ODOHAIMSFINODHDADHNOAAMFNOKODEBAAIM TINO 
LAVA LAL LUV LUN OOO OO OOD OOM E REE EEE ODO DDMO®D 
Sate st ss eH se I HR eH ee ed a et Ret RR HR RS 
Saeoe@ 2ooOCoO@ DOO OOD OOOO OOCOOCOCOOOCOCOCOD 
(a8 (08/0 e8 (0 8)(aa)oa)2S)oele8lon los |o8laa joa )?®)loa)esesloaloale@len]esfoalea\oslaalealealea[s8 lesion 
Mmm ae) Pen) a) =) a) =) _)  _) >) > >. DD 
NNNNNNNNMNNNNNNNHNMN" NINNHNNNVHNNNNNNNNNMN 


sALPHA,sSIZEsEPS,MODE, BOX sSD_IX_Z 
ROW(101) 


S 
M 
( 
9 LHt, LH*,LH-,LHX/ 


= mk TIO 

NOD « _~ 
op hep ee oO 
ee Fm iad ‘aN | 
Mme KO OH ra 
=MOAdtey “ o 
mee Se KOH r— 
mx OM WwW It i 
elLlUk- «© & e OJ _ 
<XOR >< al (S Y ‘Te 
2H CO TAY+f-, 
=e ZO ee MQIZWNM 
53 NAN RHR DLYX 


A 


eNO +E NS ~ 
—XOOO<T eN eINwSaK OD 
<I <{<{ INSOtF”NSRHD & 
SkReRZZ AKWNSEO © ee 
a SOO et th) ene 
Wid Pt, Fadl UB 6 0 ol 0 8) emp | ame OOP) oa ED 1G, 


SUBROUTINE GPLOT (G»sGA,JMS) 
GPLOT PRINTS A ROUGH PLOT OF THE LINE INTEGRAL FUNCTIONS IN GARRAY. 


OUW a 


102 


—-— 


IONNNNnNSAGOS 
s @e © eMnaz 
map b—-f-f- 4 Ue 
“SO a) Jo Oc 
est @ @« © ori + 
©Q Il mame Oto 
@ | eet eee Il Oe 


qOon2Aa@ Wnt Ww Wobeao WO ere ei HOO 
SST WWAI NO Of Ham 8 CIE IN INDO TOOY Ill 
SEPT LTWENYSYN SH Ret Nod Oe were we 2 ZO 


QUOD HS TSU TS OCO wer NMA ICH ZOULULU f-O 
OVUODO OVO DDO ZORAOAMNOO ZONONAHHHeSFE 





Paras) DO OVDOOVMDIOXMODOODOOVIONVNOONMOVDOOOCONOOO 
MOD TM AAUIM FIN DM DHOSANUMTPNODHYDHROANMNSTWOOHY DAMH 
DADA TAMAAHARARAHROMOVVOVWMNMNO VO AAA A AAA AAaNA 
Emm a St SH INO QUOI ONION ONION NI QUOI ONIN ONION GUNN 
rey) DOOD DVOOO ODOC ODOOCDOCOOOCOOCOCOO90N0FC°O 
Pee OOmOMmOmMmONnMaOmMAMNMaamMaMadaaMaananDMaaaanaaa 
Pa) ) =) >) IDI] DDD DDD DDD DDDDDOID 
NN NNNNNNNHNNHNINHNANNNNNNNNNANNNNNNNNW 


a! 
a. 
tl 
— UW faa 
— Wit © 
== on om r=t 
(@ ia & —+ 4 ~~ © 
or (a) eat ad mo 
-_ tl = = © tl 
St fomoa - © 
Oo com 
‘cnc, Se a ~~ tt - 
eA © ~~ —4 “ot 
Qo bm ors 
ts 00 -O0 
erie ‘sayee) — OC 
pnd Meet omy e @ mt Ct 
w= @ Ly tu ao 
“OO CHO (ra 
co e e 8 OW 
© uj — an =) ns 
eon _ | — ~~ 
amon 6 et ae om One 
ooh] Oca LN OO ONS <I 
e ¢@ ee e 0 - eon 
CoOow~ IINOQ 00 meets 
WW eM celal — ww tw eo, 
7 ° Oda — Il << Ne 
ro YY’ = OC) ~~F- @ 8 LULL est INS 
ae ee <I F— en he NIT 
e ¢% @ OOAQW Irene YtY NY MATA 
OC om OX CMOOO UrAtY2TF ~ e Tao 
OO «4 bbe VE EH re ONN 
a al e ©& o~o~ 6 @ evrwer m™ tl ese 
sa r—4 ~~ 9m On Ww om om mn (NIE SE Oe *FtNX< 
—m <-> mail) ae Mmoem!] ee ONX<XMIONO 
faa e ej © (5 «@ elli e @ © ¢ eQ QUNI oN et oN eed 
ne) _sitll TP escrow S06 gee SO Yt eee a) oe oe 
m4 SY eto 0 8) Cpr + © © eo IO RR E EES 
colon meMEYEOO VAODVOUK Il OnuUWddaadde 
HW ORO Ow ww we Ht OY YM eww tt YY Ute SS STZ 
Ze tt Te ee er ew tf me SO HOI OO 


ime (SMO tiLiLiLOUOwiLiLiLOuUuUrOQuoUuUvtooocod0wZz 
OM YON OOM MR RHO HR HR RH et OO YY SLLILILU IL a uso 


rs 

oO 

©) 

Oo 

Qoahouw a 

MO sp WO M00 0D00 oS) 


nO3 


Oya Wa Y ea 6 Go Fa Yl ae OD Y aw | a a | ae 
AQYIOFLNOM ODO My 
NINO OAIAU AUN AIL ON 4 
MIONIAINICQICUN CI OUN CY 
Odo0osaodo0cr0000 
OnMamMOaNMMMmOMmMa 
Si) =) =) a) 
NNMNNNNNNMN NWN 


(AyIMseASsBy JM, BS) 
R C 
5 
R N 
Tl S 
ACIM),B(JM) 


SUBROUTINE INTERP 
N 
0 
LY 
0 
ION 


COROT MOORS, 





Pao) I QOODQOOOOD DBDODDVOSCVIVDOSO OVDIOIOCOCOOVVDOOOTMVO VDC OOVD000 
COSPLUOM ONE AAQUM FINO Mm AAO PINOS OHNO ANMSFOOMODDHATNOMORDOHNNM 
COCA MEA CA May Sate OOOO ODO O09 aR HARI HHI RAIN AIQUN QIN NAO 
QINNAINNAQINNNNNANe CGoOdDDMIDOVMIONMNOOMOVIOOVOONBVOOMNOODOOONOO 
ODVDDDODVDOOVOODOAVIONOVOAN DWDOVDVDIOAV OOOO VDINOOOVOMDOVDIVOIVOOOONVVDOOMCVOVOONVO 
Pees Coc CoC aj cocajcjads J J) LL) I LL) I LS) CS) AS SL) I SS 
aA). ABAoOAOAAAAMOADAnRA ANAaAaAnRAAAAAAAn AnD OAaAoaao 
MMNNNNNNNNNNNMN DY NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNY 


| 
t 
| Lis We} 
| = bh <) 
| O <{ <{ 
| = Fie an) x oO 
| am _ uw WY) = 
] jm OQ w be <{ 
| b af 0S) <I au Lu 
} oad o@ 2) J S) 
| ue ran) <{ p=) z= <{ 
( es 62 am =o 
( Uw > ale | <{ =) 
i z= ~<I eel ae Oo VY 
| — Irvcvwaodr oe —Y m— 
( ed YCvOZzwe) »< 
i oe ete OO. Lu Lu oO 
t VY I Var = >) 
J Ww NMNIO a On mm 
( Cc Ir—rOwWow <{ LL fp J 
m4 MNtWyaQ x = a. 
t co Nm <f oo HC) Y 
t = mer Oa LW yas 
| OO WOOAOFrODA (ep) c7cO © 
{ = Nea «WwW Zz Ww bh 
I OOD rW- <{ xrwn 
| a) — WO <_4 or =) 
| =z Oo mvt Nz ~! 
| — OZ) oO @ LL. >i ae! <{ 
Fp) Zl SO oO <I 2 
~ | a) mr <{ wa 
od VY) | = —s M2ZiIwOwr uJ COW <{ 
<{ uJ aa iz aocatouwpr- &) QQ 
~ oO |= | =) Zz FG Woa>iuLe >< me Ys) o 
Y -- er) SS) oe 4 al ame, <q lw WY Qo] Zz 
a ri<t <{ LLU > > WU > <{_J f= MO — 
* (iz) =~ f > ue ~ Pde 6 Aa" S| Bh a _) ap a 
a O “Ne mtb son HCOMAO OO Ne a: 
\) —_— ened a) bpm ain O2rea~ uJ Y) 
+ am Ye ud De ms ©CrKeOtoOW Yaw ZN 
€ wt <“ | be. OQx< ~<~ Wo Mr OC) Ja Cr a) 
‘aan Pa j UL <I SG e UX OW ee ya's! 9) be 
| a) eee ae | ee) go> ee9SF Wetse eer Io ~-O 
= aC ee eq) = 65 Ue = OL: <{ Us ees > 
= al t= | a. Mo I Ie | OUWWL YM 2a Oe 
ow Ua -— fed a) ea ae Oa} DA OF 
~~ ee | uw WW Ox << ao00e a Uy EG: 
N ait ~~ | es b= bw Om AFILWUWOR Qa Y pel 
~ met <I Il -_— Paes LU Fb OtaoDrwWw LJ CQ Lu 
Y Y et ilo Pe! — ade freer URZWS I fe mi) Zw Sk 
<I <{ ore | ©: are sen OOZDAN] Clas ee WY 
% t ea ~Y Y cat NUT TSOZ> ee rt mH Io 
e —~ «—O~ ~O t uw Qo. p56. OE Ne aoe 
N YW tex f wi a) MY Gn O uu tii>° Cou 
+ ce rao LL o~ ra — b= LLU — ee oe a WwW Pa a 
= + ~O+ OZ | om > MY WNL tk bk ND He eZ 
aD et ph te OM | - LUG (seen Was 2 Pees |e se ZZ WM 2 Kp a<oO 
te oO AO * @ Zo ICE See eee ee ML et SF 2 Oe 
Sq ew OW COw (ie) oto ee > a> OM WD 
m— II + a ewe AILWLU io a Came 3%, as) >) <I (a a ale 
CL be I *e72 | ie2 ea 2 <{ a) = co b 
~ Im f[eWwodare AR apes VY LU uw =) < 
TO Doe Fe el On el el ee) | WY & = O oc hy = 


- WUD UE ee et 2 fee 
qOnrn<t rw OU OWS 
COM Teil SO OMmmeOMW 


COO00019 


DOU OO QUUO OOO UO UUU OV OOO UU OO OU0 OU VU 


104 





Se OOODO0O%O 


FINDHEDRHOANNGY 
MAM MOOS + SS 
Sa ODOQO00O%O0 
Sa OOODORMO 
eee) a) jj ed) 
eeoee- ©. 0.0.0.0. 0. 0. 
ANNNNNMNNNMNN 
( 
e ia} { 
oO oO | 
Nz Ov | 
LL J m4 pace Ore | 
Ll. -& Pa { 
bY) <f <q { 
Ui) J wi | 
=) plea 
mw C.. QO 
-i<I O> 
=> u) ale 
eat jee “= 
Odtz LLU 
ue ee 


VY) he 
ZnO >< 
med TL fone 

WY => 
Oo OO 
La OW 
VY) re 


LJ Oct 
Vale ae d (8 oe 
rOW fF 
ZiLle zu 
Uy uw ame Oe 
OW - 
moO’ UJ e © 
wet = 
LL itt e VY) 
uv) | 


ae) al 
bra lu -<{ 
eel od 


I 
H 
R 
tt 
u 


OO OVO OOO OO 


Bee oe@ 5352 FGOO00 DOOTeOO00OSO00000 OOoO00ESD 
FOM DAMAANMENOM DHDOANMSFNOSDOKHOARANA MOLINO M COD 
PEP PPADINLLND AMIDA ALD HD ODDO ODOYDOOUM-MPE he pM Rh 
BiG Qi Bip si DiDiele)\ eels) @e 2 (ele leolele lee ele) 2 (eee QoOCeeD 
Rae Qeeee@CoOOoOC OO ODO ODODOCOOO GOOOSES 


ee ee ee a ee | ee el es ee ee ee oe at an a) a 
O20. Oo. OF Gb. Go Oo. 0.0.0.0. 0 0.0 60.6.0.0.0.0.0.0.06.0.0-.a. 0.0. 0.0.0.0. 
ANNNNNNNNNNNNNNNNNNNNNNMNNMNMNNN NNNNNWN 

Lad 

©) 

© 

m 

fom) 

=~ © 

a -_ 

O ) 

b— ~ 

aod (D, 

<{ © 

aad a8) 

O om weet 

Oo <{t 

Cm & 

Lt ~~ ey 

kK ef © 

Zz tw (S 

pod seo (_) a8) 

O+ 7 

eA LJ 

ON+$ rs 

u + t+ -_- 

ta S 

Uo © 

Ormn oO 

za — 

qIrix< o. 

ax | ° 

_— =~ 

~ ima 2) 

kK Oi © 

= + x< a9] 

oa ing Stee o— 

> =e % C 

ZO Fal ei ¢ @S 

rm © bot rInN —O 

~—~ oO > Ntw Om 

~ & e co eC) ~ o& 

a a rdw =+ 

© west ae CYS woe FE wont 

>O mS ca “on >O 

e ern <AJ uy | CO wer ~ & 

>< = (_) - © ro att x<— 

—S ee Ny N ui ~—S 

CI wee e © e | pb >< Ow 
Zee >O 0 = Wa | O> —_ 
— «> Pe ee ae ae Cr) poi — & Y 
yon ee KX -— ~ ri bbe Ka ji ~ 
OSs Oe rel a = az. | = a hp ~< 
XO Ze Yew a ba <x<o~ x =— 
WC) ee — pd ce wo oD + + LW =r 
224 XX ~ x<+ <a ace = + 
—OYy al r—t ix (x OO~ 2 ri) ris 
DNWY Pras KW2earse x Zea ewe a DY wa xX 
(8 De SS Om Wr A | AOR WV AORORTH Ue 2 Pa ee | | 
CWI ~KR BRD KR DEE IR KE DI RSE EED CWOoSNsN 
oO ee RD ae ll OO el oe A eo oso i Mw 
Dae WL WN Onwith eel yf th OL as NOW Orewa DHSS Ow 


MOO MU YO re MM YOM > YE YOOWL ee ol NON ZOO 


ral 


MO wes at YW ws ON YO wae 
a it~ 


105 


are Ori 
| 





Rae OOOOO DOOD ODDODVOODOOOQOOQOO9D003S00 
OSA SLN OM ODO ANAM FINDMHOADO ANMSNOMODMHaA 
WDDNDDDDDDADAAAARAHARAAHAHRHOOVOVVO VI OFA 
DODD ONVDIOVDIOODOVOV OO DVO OC Fase anatase 
Baa OOOO COD OOOO OCOOOCOODTOOOOOCOOCOOO 
ee dd dd A) Ld) UL dy td 
Peemera O26 0.0.0 O.0O0O00.0F4 OOOARAANRAAKDRAANRAAaAN 
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMN 


om 

a8) 

o 

x 

! 

ea 

~ oi 

N <I 

ae tt 
ame | om -_ 
— ame eae =< 
< o ~ 
% wd se Ge 
— Sead Nm —t 
— 4 = = 

~~ _ Oo — om ~ | ao) Oo + 

~S o— < | {| — - on wet 

(ea! et ee a i ~~ =o a ed NM 

_ N ~NN A ~~ ~~ — | 

~ —- <I~e +oO-™ o<I- Nm | aed 

— O * AN mat A! Nit et ae ee 

a ee ee en —s4—~ oom j;— o— om ome tat 

> Pwr“ ee OM Ie te om ony —™ ft wen, 

a eye N ere a ee eee Pes pe 
OSS | mmm et Tw aeam de Oe st CIN tose 
NH$E] eHNENNE HIP MNOF IAN = | eHOXYVe 
eC Comte te mw NE Cm Oo met OH ee ee 
MeYNY IPOANKINMON YA Year| SS A Med tNND > 
eal en | LD | Te | | | 
Wu INMONMO I AHO SsaNu ue | mM Ht NYS 
Nm OF Oe Oem Om Os FO ED | meen fm we 
MS MAAAINAIN eee Za AANMSEO 
AwOmad aad dm dnd Od ON SONNNOOCULOUGE 

NO f Ye) ~ 


106 


CO00020 


OOdODSMdODOSAOVDOOOD 
aA nlm FUVOM ODO! 
AMIOOO2%OR900FRNR4 
CODODSRDIOMNDOVDONO™ 
CODddO0C0OOR000000O 
ed ed ed 
CLIC LL LL LEI ty te 
2 as Pes ee i Ee 


A CONTOUR MAP 
NAL ARRAY. 


He Be Hi He kc aC aK a a a i a akc A a a ae 2 aE ai ai Ee i ake RC a IC 2 RKC aK RCC aK OK Ce i fe a ke ae i a ak a a a a a ake fe ake fe ae fe ak ak 
N 
ON 
CALL MTMPII(YoeNoMoTs3ND,AZ ,BZsAMIN, IJST,ICON) 


SUBROUTINE MTMPTI 


PURPOSE 
USAGE 


OOO IOOODO0UOOU 





mre =9 9 OOOO SIO VDOVO OCC SOD Ce DO @BOOCVOOCOCO@00Cd O00 03008 
COPFIANDM WONOHNMN FIOM DAVBMAN FENODMHMOANDAAMPINDH DNROHUNMTNHnNO-ONSD 
md tt ed HAI QUIN QI QI NI QI ON NIA 0909 C909 9 0909 9 909) OS SS FIN NAN WM NANA SO 
Se) ODIO OO0 DOOM OODOOOCOVO OC SO OCANDOOOSGVO3IO0 O0OVOOVOOSO930082 
Pre) OOD OOOO OCOD OOO OOODOSOVOVOOCO@00COOCOCCOCOCOoOOCOOCOSe 
b— bb EER EEE EE EEE 
WW UW Ws WW WW dW i 0 WW Ud WW a WW 0 i WW We WW Wd Bo Wt Ws dW Wu 
os oes See 


ees DS ee ee 


DESCRIPTION OF PARAMETERS 


DIMENSIONED Y(N.M 


OURED. 


7) 
fad co 
tw am ether 
NN ONc 
—= fo Gm a a, 
MNO A+trc 
mas) lt = 
a fk De 
OO ANwO 
eru Octdnwh 
—™ OO LL Wh 
ae oo. 
Awt WYO. 
— ao uw 
ke OO WE a 
eu WU DMee 
TOr DOA kF 
K27AI YSZ UD 
amet Cea 
IqYvD = ZsOrzZ 
LUDO O =e 
evrOHy eZ2iw 
> FEANnNOIOM 
erUOnO —<cf 


Mm Oesweim lL 


OZWNettUu YACreszw 


sAOYtS=zZZO 
So 0 JOD 


(aot 2— 


So. UY 


—>re Le HY 


ak WwW 


KUL DOS SREY eH 
PaeOoiexaai x<swws= 


ad 


LOsS=aaqvod a> 


val oS 


CACC wOSWYWENZWA D 
QwWwW >} eoewes2agn—ODY WO 


anatadtinm a~ 


= Ot 


> PS > > > > ee ee 


ee) 
usr tw 
mom re 
— 
rad <I 
oo) |e 
Te | a 
LM Sa) 
Qa Ww 
Ltd 
YN 2k 
Tt OO 
i ee 
G) ae 
tl WwW 
ke mou 
<I a 
—+ +r 
= ge) 
QQ ma 
+ se 
<{ 
—) «56 
pd) 6 
LU 4 
Oo wa 
~~ — 
= ye 2 
—_J kA 
tz 
= Cl 
(om 
Path 
—s OL) 
> ae 
<{ i 
oe 
© NW 
iI a> 
kK ef 
7 LO > 
@ pe > eH TL 


WEeeawsznotw «KOoOWWR 2FO OO 
=o 2 Lia Zr SeOOZu Oe 
Ree 2oIOt ote Se aye Soke OO Ie 


REMARKS 


SS eS ae Se 
Cc) VY) 
ee WY e ke 
Ye e ee ee fad 
ZWN Spr <{ 
ONwWazen OO Lu 
mae(OT {I> Wa ze 
— SOrOO~— eof mii) 
m= J WW Oo — 
Ne Or Weta = 
ODWOZs=z voc eer en) 
QO. JD R ae oo 0.. _jm 
Or COen ad fay oe 
eo Anar—LZO > 
= OW NeOWlL > 
MOV WwW Yaw Nz 
CWO er SS — 
AF IUO NK KF ~O 
Prada (oe ae a, oat Ge ag, pe a= 
AJ UW ASOD sD) 
OF Oke h—S Ww a@ 
aqO0Udy SS we) Lu oe 
luceem lLUxK ZOD dia A 
THwWNNLaotegeZ bh 
me OtWe= Oct =ZWN 
MS We za fad 
=—oO>  Sluler-odw Wis a 
Zod: Az > 
ew me O <4 wo 
LW) JU Se LL”? COL LU a 8 
KSasaat CuI 
ZS RH SD wapee) 
— Zee O FT re cape 
MANA IHS Orr <I} 
AaqtZzqnrvgca 
STV Owa LGM Y= 
ID WA Few ei) 
Wome wll Wa 
HLeawiz wean) >L 
WhOr or LL WW 
ad Ze tO aja 
a~Own odooIDe © 
ae) OY e HY Oo 
COI IQIoOwrIZMNO OO Zl 
wy tut Itu Ww O<t 
LNNN YL ARHR YY be 
we LTOzOwe we ZC) 
saOOcteA IMO D Qa. 
mi LL OY -~-Q. er.) Oc 
OF F>rH wT ww Ww 
= We IOOwa—- ca LL -— 
lh © Co OD =e -< Go BO Ee aD) -) oS ig 
SbF OWOSSO NZ }— 
LL 
Pash 
rr 
- 
=> a) 
Gs) a 
fad ae 
fea) ke 
= LW 
Y le 


ste ste ke 3k aie ae ah ote he oe oe 2k oh ae a i ote ee a oh aie a oe ae ae ic oc fe oe a i AE KC OK OK He ie IE IS OK OC OR i BE Be OC IK OKC AK KK OK IC KC OK 


MTMPII SUBROUTINE FOR ONE-INCH GRID SPACING 


UVUOUVUYOU NOUV UU UU UOU YU U0 O00 VU UU OUU UO OU OU U UO OOOUO 


107 





15 JAN 69 


OAKES mC OUEM oe 


c 


Sera Qe Gee Oe ame OOOO OOOOOC BVO OOOO OOMTOIONOOOCOOOOCO 
TYFIN OM ODO RN MD FLAOMH ODORANM SFINDM DHAOAAMFNOHDMNOHNM+EMNY 
DOOD QDDOEMEE EERE RE ODDDDOADDDDDAANARAGARAARVOOOCOOOCO 
ADOVOVOVDVOVDVDVDOVVWDOFOVDO OV ND OV®*O OVI OVO VDOVIOOVOO TH HAHAHA HY 
Bae OOO eee 2 OOO OO DOO @OOOOCOOCOOOCOOOCOOCOO0O0O00O 
 aeael ened seed satel aoe onal meal cool soon coal ool cued seed ood cool cool anal oxaed coed cxeedl coal moedl cueedl ood ool eee ool peel ooo cool aed cool cool meal ood ooodl geal ooell moall sued ed goed eed oe 
QU OU LU UU dU dL ey 
Mo SE a Ee i i i Pi ee 


S 
i oN 
— NO 
~< a es 
[a Ht © 
= oN 
“ 
_ Be 
S| aes 
et - & 
— sO 
om” a Ps 
eS a 
oN] eo eX, 
| Et 
= ~ & ee 
Oo 27> —< 
— Se ae a <P 
& > na ant“, 
hr —O N eX 
pe) SZ x 
mm Ae mm 1 OO 
- ww os ord 
=a Lo “~N eNw 
— et hor 
= ahd 2 Ee a 
e OMO |e 
No sf oes a <p 
QO ws- Se ie & 
ed as “rot ed 
NS Ol a & 
<[ ow © = Ol 
- -—x<o Gy fe ale 
QO OrF-O eas ~ 
2 easy “Neo = 
CO oa e- O ~x< 
~~ ew oN Bey <{ 
Re OOO tire > 
eye O20 ade oe ~~ cv) (a WY 
= tre-+ Nad mah e Peas (a8) 
e FAOe —jJ Oo - cH es) <I 
> ew Oe ao st a ber an) # = 
~~ OnitL tice we ew & — = ~ wy uy 
Mn} © eae >> amy ms BE Fa + i 
rt Jon to “Nee a Scie), Clie — o = 
arOoOw~wO ro =x ran) e Antz } WN= a) © 
= este A Ga we m4 <[ Ze RN Ow eOlhUOlCUN uw Ww 
F *HS 4 Satan == tN) 22) e “~— a 7) 
=~ >< we ~ o >> aN ¢e+e6e Vet es WWM © Lea Jp (20 
Met ou TN ewes ecm >~ hh MORAN we §=68 TY YD ne List & 
tue as SUT stead e ert [| NH>OZ | | i * <I Ss—_ OREN 
ae ee Ned e ertHa xX x~NN FE DO58—2 2 W~ MO oOON 
me H(D WI ee eee Ne TNO ON Ht «€ Of *OM oa 
er DOS wwe OS TDD RIB ZRH MEN KX HOR ARRHOZEO 
nT) =U) See jp - It ZZr~rowTon-OLT>- Stadt +e] IW) AO 
Cost Os alas UNOOW Ne UU ZOtRH SO UNON UNS NOZWHAZzn tee 
Co LIU LU [ee ZKNAZ KER KO IW ewe ew SE ZO KTO ZAHN ZNNOOZ2Z 
Oc = i © ret wy <7 A ew) Te | ee | | | el 


Dura oe (205° -2 os @ (Gea ioe se ae ee en Oe eg a Ug pe ee 8 8 ado 
PV CMY oC) Odds ROO RUUD HOMO Om TO TN ZZ ZH TTA 


Oo WMmonra a+ NO WW Oo uw oOuw 
aA NINO) 0) mm + Varta’ 


108 





Pm a) OO OOOO COO O DT OOM OCO COCO OMOOCOCOCOCOOCOOCOOCOCOOO 
MONO AAIM PO OM WRNOAN HPD OM DHAMANMNFMOOEDHOAAMSOAOEODORANM +S 
DO O AAA AMAA AAA AIQIN QIN AAI NAS OO CAM MM OM OM or SS PE SE FLINT 
Fon Kamm Manan Manes Manon Karen Meee Kam nee Ronee Kae None Ke Ne a es Boe Ree A ee ae Ree Ee en Ree Re Ko Ree ee ee hee ee ee Re ae oe a Ree he ha Ree ee da 
SSOOOOODO ODOC OOD OOO ODO OSD OOO OD OCOMOOOCOSOCOOOCOCOOOCVU0OS 
ad al al cecil cued anil ued anal ened anadl anodl anedl aoundl conedl Oumedl aad “eed axed anol “eed andl qxacdl mel andl ocd gxmedl see Seed gel anced aoc geet oct onal Seed cool cul gull aed andl ceed ed Oe reed oad eed Od 
WU OU Os 0 Wd 0 Gd 0 Od DW WW Wd WW 0 0 0d Ud DW Wd DU Wd Wo Ud Ud We Wo WU UW a WU Wa to UW Ws We Wu 
SE Sa, Sea en a a eg PE, pea mn pe Se Il a Pe i 
Us 


1X,Al) 


ee | 


A 

ee 

c 
Ears K eo HY MIN=s ElD.7 ) 

UGS Grd 5 


F 
> 
GH 
. 


SN ux HX 


HTHE BAND WIDTH IS,E12.5+6H UNITS //4X,14HCONTOUR LEV 


8 

p 

2 

Tf 
685+85,90 


X 
: 

I 

I 

7 

4, 

) 

X 
IN 
YMIN~YMAX )~ 100. 0*BND) 53,53,58 


OP+BND 
) 
) 
B 
9 
) 
+ 
O 
E 
I 


( 
5 
( 
t 
S 
5 
( 
0 
1 
( 
M 
( 
p 
_ 
I 
H 
> 
6 
( 
5 
qt 
( 
6 
e) 
c 
N 
U 
N 
D 
p 
1 
L 
Es 
U 
8 


- <I So ANNO wt} KF OO m- tosz a 2 HiNtO OMealZoOr+ 


Ieee <I e}- et HOF WPADNArReAO WORT WY HOt ™ WWWOY,OoOH 
ane oe eS 
bad Pt pend Tt 


meee (DOO Gre ee Gt aerate Ii ee Oo, NI NS ee 


MH RO MY OOM NORE DH ODOR YR OOASOAZ J He we i 


m0) 


OYODOHA COUWUMKMOWHRLADAFE I URL VYODVOUNDYVOYCIOOWOO f4AUAw ONS OO 


Wawa Ql UL OL LL Ie ee LOW Zaha Ve eRe ZI Z I  H IOOTO DVO 
m4 Os ol 
oOo > WA an) Ona 0 DO ealtate) = Ooo 
un un —s wy UVO WU OR MP 0 Lu On 
VY) =a 
8D 2) 


109 





me) OC) oC) VO oOOOeOO OOOO OOO OCD OOO ODO OOOCOOOOCOOOMOOOO 
WOM DHOOM SFIA OH DODORINMSOOH DHOANM PON OF DHOHNG FIOM ODOR A! 
LALA LALLA OO OOO 0 OOOO RB BEM EEE EM DD DDDDDDADDIAATAAAHAARAAHAHHROOO 
td sed eed ed ded ed ed eet aed ed edt Hed ed eed ed ded ed ed edd edt et ded dee IN 
wey oo OOOO OOOO OOOO TOO OO OOC OOO OCC OOOO OOAOOMO000D 
be fe FR RR RR RE I RE RR RE ER EI RR RR RR RR RR ERE EE 
WO WL DL LU UL WL QU LW CW QW LI LO Li LW Li LL Ld BL LL Lg LW Lg Wi a Lk 
OS 2 Sg Pe a ag a ee a a a ee i i ae 


© 
N © 
ed og 
e ae 
© o 
N i) 
a + 
- x 
© o 
oO - [@) 
ast ret wy 
+ J) oH 
OoOWdONeN4G = 
OO~OM~s OO 
ase et) Red 
S24) a a 


Oo 
co 
ag] 
> - uN 
<I Oo ‘on 
ot Cc | 
aa awd o 
<{ ad © 
HO Ne) 
Le +- OL WN 
~ —~ OO ewer al 
=~ el +z er uy 
+ J es 9) Le Oo 
Sos es CE) 27H Y~YYM ete 
SAHRINRH YY CMOrnZ | il jays «| 
ww Net COL J WR YY YY OOOOWZaA 
OHO ODEFENZZZ Jos Be) 
YY | Y YZWN UeOnnowol wu tl ZOW 
met HOW Re HHO NSN COWWIO HW Nn 4 a 7 


SMV mM mm YY ORO $F mR ES BZ HR mR ene ~ || 


Hm PON VS] 


oye ae ba emo |ad O 


bd nd ee 


NCY) 200,200,219 


WW H>AQAOO 
Zoe Oe 
ra LULU H Hf ot 


aAZOIOMOW 

ZHU ON 
es) ~~) MQ O 
0 ~2ZOm ee @ @ 
WO “— | ODOCO 
°O %Ionmtilil 
Ne ae O>r>> > 
NO HK SZ OUUWY 
°O Ot e2@ZZZ 


ON | ZW ee @ o« 
Ne eZ WWW 
NOWwW2e2222 

M37 ele eeies 
Ce ee ee ee 


md) Dm ee ot es et 
$25 SI) eer > 
ae 


>> 

ZOOU! NN meatal 
WNZzee 
dd bet at ad Bt td Pe a LN ee ee ee HA SE 


Hz u i 


beamed om oy oe 


| ee en 


mall —Ioer Ou LL er HO OO UL a OL HW OULU OOS 
Ye IY ODN UTIYOMINTO0 OZ UNO IDNOOWLO TON Z DH QZ KO 
=) 


© OM Oo 
N one 
e- saa ed 


Ou OF 
LOV UY OW 
est HY 


O 


(o) oO 
~~ ce 
r a] 


110 





Pee) a) I) OG) VOI oa OO OVO Oo VO OO OOOO DOSCOCOCOOOOSTOOM8oOooO 
CY FUDN OM OD MAA FINO DHOAAIMSFNOES DHNOANMDMTNOOM™ DHROANMNFNO™EDQO 
DOO ODDO tr tt ARAMA AAIN AIAN AI AI AI AN 699 69.07 0099 09 099 7 0 OO SS se 
OQINNAINAIQUN AIAIN QIN NAIONIQIOIN AION QUIN AI AIAN OUOUN AUN NOI OU ONIOQUN AION NOUN NOU A ay 
m= oO OOOO IDO OOOO ODO OFO COO COOOOOOCOOOCOOCOoOCOoOOoOecOOo 
cond uae anal excl St sail gael oad oneell ell ooull ect aoe oxadl aan Otel sell goed ooell nal tntth ooull ened seat melt cual oad coal ound ood axel aed ood aoe cael ok Geel eel eel ell ood ood ool ood ed el Od oe 
WU UL OU US GL UU LU LU UU UU UU LU Ls Ls LW ts UL 
SS eS Se Sac SR pee el ng ng pn a a a pg a a a i a ee 


aes aods 
t++etete 


iy gly ey OO gti Oy OO 


Oo0o0000 
NINNAINAN NANAIANNA 
O'R 2 any ey a, e f® ef & fF & & 
a a a a ae ae CN om mm ON omy om om 
HAM eH 3G SE et Saaggoooga 
AONONOWMAL) ee a ee ee 
7 §KeNOMEONNl monodaooqd 
HHANIMUNOR CO ~ASA SSSSS S 
Ouvyeef «€ © @ @ oy me Oe ey oy Oy oy ON ey my RN py OAR me 
Mop bb lp Aa aaae 2S ee == 
COON nt AaAAa <—<Sesx< aAdaadqdcd 
Lit+tebetee te AQASREFE We) ee 
ee RR OOM ON NO me me O 
MROOVOOOO FTFiltittii aANatnor Ht at tpg De 
OVUSZ2222 220mm mane m OONDOO0OO Net ee ee Set es Ne ar aN] 
zZzazerer5r0e &e & ODOC00O9D0O ++ ++ + ++ <Sr=X< = 
e PU UWIUI LU UI LULU Het Oe AAAS ErEE WN 
WWW PBZ Z ZO ee eS ON I et eS —F—- +- > OOM sO 
ZMH Hee eee x OX Oe ee ee ee ee eo ee eer N 
eae ee ee ee ee eee ee Oe eo ee OO ed ee eh ee ee ee e 
ete Ve2eZZ SZ RR RE KOO www mw ws e KKM OK KE Re Ve’ 
Ze ewe KE EX nd tt tt I SPU OE sO 
een ala ad ae aaa OAOSE ERR NH Meth iLiL ih thet eter OF ON 
a> I WU Ua we af SEE TE EE SO mR ee et ee eee LU HO 
HO a me fl Pith wt wt S> wee TTC TTT DONO Om 
Hm MOOOQVDODO AAA AHH O Rm mR mA ZO OND OOD OOR RH RH eSRH Zz OOD 
AH aA SHA aH oe 8 eg te 8 OPH INH OOOCOOCONWNNKNNHndnmoOomZ YO 
~< KER MKM HUN nn te a aa oi tht VIFF eS i I 
rrOOAOS HR rUIGINMOT OOP OA AAT REE ODO IANO PUD OR we www ewe SS OOU HULL II 
MOREE KONMMNZOODDOOODOKKE EK NNNVO DH HH HHH IOOOWLOUDZ IH”) 
© So eae wy 
ft WW Oo O 
N NON NJ 


29 





Pre) a 9 © OO ODOC OOOOOO CO OOOO ORMODOOOOOCOOCOCOORMROOOO 
ANTM FINOM OQHNOMAAMOSFIN D> DHDOANM EN OM DHAVAAMFINOMDADOANMSNOM wD 
LOALLOIDY LALEV EAE EVEN OO O00 ODO OUR RRR E EEE ER DOD MDMDDMDODQNANHAAAAAH 
NINA AQIQIQUQUNNIAQIN AIAN NAINA NAINA AIN NAINA ONAN ONION OI NAINA OI ONNI AIN OQ 
Vas oOODOODOOCOOCC OOD O00 OO0OM00 DOOOOOCBOCOOOOOCOCOOCOOROO0CNOO 
bb bb Re RR Rr i ee i re rr Rr Re ee ee EE 
WU LU UUW LU LU LU dQ QW bi Wd Wd LW DL Li WU LL LL Lu 
SD a a a a A i OS PN a Pe a a a a 


1,132) 
7132); 


rite 
i" | Fa 
N NN 
oO anv 
-— eH pd 
~ ee & 
— om ro 
N OH 
62750. &)\ 
= — OO. 
wt et 
seo) 
Teall weed om 
& eity 
an) = O. 
N Nes 
a) = 
sa etl 
-~ ba eee 
wy at oa & 
e tt in— 
© a ANN 
+}. a O61) 
Oo Hs etree 
® & oe © @& 
© my or pa] et 
oO oa rill il 
oO a att 
vad ms MOO. 
o, i weet? p—4 bs 
my fo @) me e 
oy, ene! weet oy Om 
N QC o ofr 
fe) aol ~ -200 
Oo + ae onl “Tedilealia=. 
4a = _ wy Om Hj 
mo > ~ = an) Ta) OOF awe 
e* OO he NO as) ~f om oe ee 
oo 20 Zz (V0 « ran) M eH Hee 
roe) aw _ ey Tal * ea tl in 
N We { e aa) Ta) OOH MAC 
- 2O eZ NO a) tf ~oe |Home 
© +1 OV maz aS Tae) e fae) A] en om mo +4 
CO LN al WY (vv) ‘?) « ol ON fe nn oo 
~~ in - & az OO mM eet Lv et a MOT Th ie 
~ > YN A + + my + MO +4) t+ NR ~MOdK 
a THN aa) WN NeeHO an) ~~ Jt — Jj - on idl e0 ON 
On O IN Dt yYy OYYRet On- DOONOMNTA &— UH YY SK | IOOHHMO 
M$Z aARHOUI~ Y ZepNWwheShe WOO~Ot~ DOW~ON~ ~ AUWKRRER © enh 
mae) LOSNOeO NOZNDNIN ZAMORA AAOTMNYD O [| ZNANAe~e 


Or WwW weno SYDoOZ an ~InxYI] YM Inxtt wxY% YM He Or 
OZOr!UTNONHAORD WZZ™OO I MI et IO th ate HHO NaN ke OF AAO 
Se | Pal ae GY cD cel | BE | OD Ds ee | | Pn al cl A lO a Al re ce ee De PO 

ake oe ep Meee 0 2 Rea | ieee Pa 2 Pa ee | | ee | ee eee ee | ie | i ho hee ke kn ae 
OOW TIL KO ~~ DNO Ila DOOOWLE FL ee Ow Pe Oe ew PLU OK OOOO 
OS HDR HLOLZZODYTZZOUON HQT YOL DSI YOT DIM Owl OO 


oS © mW OW [my ee le Le, Te) om ww COU ON @ Oo 


@ aw OG. Oo ANM ae) Sop ot LALLY Ovo O ‘Tis 
N N NN Mm MOM an) mm - aa kaa) my on) 


PZ 





Sao OODVOOVMOOOOOR0O0O9DO 
DOAAIMFNOM DRO ANMSFUIOM OO 
DOMODDDOMNOO VAAN Aa SaaS 
AIC FAC OH HCO MAM MA MAMMA EY OCH 
SQOOOODOOVODOOCOOOOTO0090 
aul el gael oael aoe sel aed goed coed god suel ooel eel Sl cool eel ool eed od we 
MOLI LE UU od 
Ll a > ip a i a 


© uw 
@, 2, uy) 
a os aes 
o <aF 
uy uy) o 
oO a © uy 
my oO st re 
- 7 o —t 
Ta) wy - © - 
a8) oO aA on“ (@) 
rt ey a oo aN 
o a) + T 
rt = fs. ret eee fy: a 
FT oop | OOIONret = 
me MY YL 
|) 2 a eae Te @ 
Simca” wo © 
One te OO 79s 
1) omen mn meme Fe OZ at 


a 


Solel lalolelol=lole, 
IAAI SFIAODM™ DHAO 
NALA NAAN AIAN oy 
MMO MOM MMO MM er 
®PDODOCCO900 
PRE REEEEEE 
CEILI LLILEI ELIE ELE 
Bac e ses SSeS 


1,132) 


= 
cee 


TP1=1,132),(C(IP2) ,IP2 


[~~ I xX PN Bo a Ge 
QD SHO aR THON Ae RreOd 
I i i A Ae ee, I A Ae A ooo Ee ee) el 
I~ WOU mp hep ae | ae AyoQD AHS O 


OC swt wee eer Of UL He LL Oa HH Le Om JY mH OVS 
Om MOOO9D S720 IY~ SH HOY OOM JOY OUnR0DUAK ew 


© Ss WS wy ON Wh 
CO Oo OO oO ay 
a) a8) mst tr ror st 


Bol © 
NN Mm >) 
ror ot ta) 


aye 


MU Qo@eVDoOQGoae 
AAI SFUVOM OD DHAQUM 
mir eaq ro 


NNN NNNNNNNNN NY 
SD | | path aD | al) ED ea RD) Lea OD SD 
Ieee decd < 
OODdO SOOOOOOOOo 


N 


UTED RANDOM NUMBER WITH A GIVE 


RMAC Y SORSIR TE 
DARD DEVIATION 


ORMA 
N 


z= <I 
= 
Iw 


SUBROUTINE GAUSS 
U 
CALL GAUSS(IXsS,AM,V) 
DESCRIPTION OF PARAMETERS 


R 
USAGE 


Boge oO OOO OOOO 





Sao OID CO PVOODOTDOODTOO0ONR009D 
FIA OM ODO MAIMED OM DHAVMAAN FLVO Mm 
Oh td tt IOI AICI ICICI AIAN AIM GAM MAM MAG 


ANN NNN NN NNNNHNNNHANNNNNNNNNM 
ae) ) > _) > >). > DDD DDD DDD DDO 
qed a(t eq ete tcitc 
Pet OCOODOOODQOOOOOOOQDOOOVYU®O 


B 
G 
B 
PONS OR Mitanvon MAL 


He ee 2 WL 
“25 Ve Pa en ml YY any 
ORO LU me 
OrnUOw aka 
Oo OOnDKD 
b= Ho) NONI 
OMOAY Wealwti<cl 
D -SwW>OYOQ> 
=NSMY kK 
WY SrWMYWLww 
SMW DZIiae LL 
| tea hy 
| 


= 
_ Y <I> 


USES RANOUSWHICH 1S5MACHINE SPECIFIC 


INES AND FUNCTION SUBPROGRAMS REQUIRED 


SUS TNE 


SUBROU 
RAN 


Gl) ayepeles 
rDZ2ate<t 


UUUUMOUOUOUUDOUUO OUD UU OUUUU UNO UO 


114 


QQMOQODOO00 
DOIAAIOSUOR- 
COS eh ee 
MNMNNNNNNNY) 
i) =) =) 
deed adec< 
Ocoee DO OCHO 
> 
mae 
<I 
~ 
Y) 
~< ae 
= > 
=! e 
—Y > 
—/) =— 
ae & = 
<[ ~< <[ 
oo + 
ro es —/) 
WwW *> + 
= 0 -~ 
— iz © 
h- rit ‘ 
=) Ce 02 


CecoggZ 


Gi Sli (S(@Sleleate 
Mt ONC SUV OP CO 


Od0000000 
FEE, ES Fe PT 
atqdaqaqdaqdac 
agad(ediadiaclaalediad(sd 


NUMBERS BETWEEN 


RANDOM NUMBER 


SUBROUTINE RANDU 
U 
D 
hi 


T 
R 
N 


OMUUUUOOU 





oe oOo sao OOOOMOOTO0OO002700O9T0000900090090 
OANA PIN D™ DDO ANDY SFIN OH DONT AHOAIMFINODEDHOANMPODEDAOANM 
VN dd hd med tt MOO OOO IO ON ONL 69 09 7 9.09 OO FV. SESE SES SP SLAIN 


aaj oocgoo oO OOOO OOO OCOOOOOOOOOOOOOODOOOOOCOOOCOQODO 
MC MCMNrEan re rt pe ge ee ee OE OZ AOC LCC LLOEC ELLE LAL A 
qed deca ddd gi eq idggd agg de(g edict dt agg dict e¢ dict gcd 
a Me Me Ae Ba Me Me ae Ae At At te 8 ee et ee tt et ee * 0 ee ee et elt lt a ae As 


ad — —Y) Lis h— e 

~Y) XX Ww ee? 3) <{ e 

Coe WY Were) Or w ae e 

wet ae a ONnOO mH - e 

OZre — Dawe MSs f= 2 ® 

Ly LW Mie OUreF” CWO ere OO W ZF ® 

— >» Dw Baa Ov W sw Two a ° 

ZrO FeO OO Cee FRI Oa Ne FNL a e 

m4 O/) 2a. Ge ea Om <f oO NO lw a F) 

vO w> Qos aw, |S EO ‘o) ° 

9 Oomrw O2 © JAzZqiu4owa2zwa oOo cwor2az ee) e 
ce Owe WLW Zz AO0 Ut aZew Mw<f — { e 
tu @)).. 2a Yo =m Ss JOOnRWY OY Om NEL © e 
o@) Wo fae cera, (ye SW <{F OU qt CO NOUrF- N e 
= ~ T= wr <a NSS eNO Octo <{ i) e 
=) ZrO tke OO QO = wOactie wy eb ULe ® 
ah Iq WO — 2zWuw Dz TeWTCAOMW F& =a) e 
ce = io eee GOS eV~rW Mb ROWS <I e 

= Zw>} GO ZOwo 2ZOwt Lorre<t oO = e 
© mee = LL OWODz2LO fee LHW LW ae e 
e qj U. rm @OQ OA YvWOO WNetorRr MHrOW}We!e <{ e 
= b= <I LL ale ay ie MWa TCO ONRWe-ewoZzae eH = ry 
<I Zz O AW2 ees MLE Cc) WZO0OWNOR-Odetuogw D e 
(a Oo way > SWONnNW<I tr >t @G = e 
Onmnu Dae MoO weeZz ND YOwW etu<TOTA wWw asc ® 

—J ae oes 1 — ere <€oeD Ww WU DOerTwr ad ee e 
<{ ems Dw & OW ODOOWIMeREZWNTO- _ e 
LU NOq 2r KO ~~ esNTOw+- oly Li< WZ Ze 9 
cw De > re WY Ne MRS ITN YCOTNZT OZ = mi) e 
sO = — LU =O FeaOWwyr TWwood oO <x Ww e 

O My OF OY O we O ZO WOO, wx Or e 
ae Pave) we) ae a Ta hm etl ewe ext WINUO *MZZRrRe © LW e 
<I SND 22 xwe<t Ome On? UWtOuoOsse a HO. © NO a 
Dw te Hy UOZOWOFRODzT epODw~wWIat wy NZ e 

Oo Red we OS eau POO; MnZ2zoOo Ww JZ WHY a = <1 ~ 
Lut Lu OK vw Urea MOWemnrreaew udmau om WO e 
ap ~AMr CYOKOL —s—I NORY OFF OTIT < =) NZ e 
LW COQ WYNLE Ow a OrRMNMYr WN ae) a 
-~ OE oO = WODT Ome TUPWO WOH Orn a 
Pal ~ Ww2zuwWw WDnOZZ aWyraZzh s~OWUZ eww 2 be e 
— a Wwe Tp FeOSZDe wc ad re Awa Dao Oo) OC <I ® 
SE ee | ee “Oe WRHONnODOUCOm — oe Ow e 

= > Wea mY) or MWe S2NMNZUWWRE LY S>L a ety e 
Ww - SWnN Ww ms OW MOY We HOO WW OWre at Wom co) -= e 
ad ~ Iter rcm tf Deras Own O 2ZHOD WZwvOre BZ LU Lu ' 
mm Oe WSR URS WILWUIDST ew Li UL ae = =O e 

<I e* {lr OV2agt NSD 2wr OrTFWmMatew~OoCtOsSke Fe WwW e 
Kx A SFI eO DZ sO WN<twa LU WwOZzwe LL or ‘ 

Y) —~ WwW DReoRe ZN hm ORS >K-ULNOOW wWe>m oO Su e 
uw le cee) UL S DN MH MHOdtY surCOwUOd = Om @ 
«) SY OFWDCON-WYyO OZWO «=a ODrerZz arto «a => e 
=) ee mn@twrs O CAHNHIODHVO O eww CY WD e 
Oo Z 2eZz OMRRWZ MiwDOHHOMWTrrTZe JOMW WH by e 
O ret) >e = 2 LUT <t Des RO OOM KIOSZUIN W ad e 
co CO mL ZH NQGWw oe Y =O<(I<I ewe O<k z= ee a 
‘au p~ NnNOdaTYvCWWreHnNZIIe< ye 4 wr O e 
Siro. | j j NMNOONW UO OWWredtqew pw WO e 

ie —_j pa Vasa eo OmtliS ase jaz OstZ e 
meee tli<y OC dS< > LL. CLTYEWt WT (DOW wo>yuwy Ooo ood e 
at (a a —_ > IR NNMEORRWNLMNOHTLOO wae TAw a 
<I VY) = oO — £ 

VY) uw lw =) LU e 

=> (S) ‘ad WY = a 

i 

® 

e 


Se OO SO OO CO DOO UD OD OO DOOD OO OUD OOUUUOUOUOUUUO0 


JEANS: 





BOOOM00O 
FINOM ODO 
LV IA LA LA LALO 


ANODQQ0Q 
eee ug = 
Iiiad<d<f 
«Ke dla dls Mage med 


RANDU(TX+sIY,YFL) 


(0 lol oon |e | ED) 

OO fli~m~ Ht Oo-O 
Irie ui we 
U) mt mt ht oe D> OY LU 


LUV O 


116 





hoor or ERENCES 


Soni et mer alciicer, i. Fj and Brooks, R. E., 
riclotuaeaiesintemeromvcrry,  Journalsof Applied . 
Physics Olmos (wee. 4, pp. 642-6049, February 1966. 


EnOoks et minciineer mis. ©, and Wuerker, R. F., 
'OAQ9 - Pulsed Laser Holograms, '' IEEE Journal of Quantum 
IDlecenontesm Ol wEOlec No. 6, pp. 275-299, August 1966. 


Matic moe tie “pplication of Flolopraphic Interferometry 
to The Determination of Asymmetric Three-Dimensional 
Pen ttvertcidagiie ree Jct Flow Sih Thesis, Naval Post- 
graduate School, June 1970. 


Matiikawehew ©... and Gollins, D. J., “Determination of Three- 
Dimmemctenalivensity Fields Prom Holographic Interferograms, 
Veumnalwo: applied Physics, Vol. 42, No. 3, pp. 1109-1119, 
March 1971. 

Piotdenvcdom@em).. Caron, A. P., and Olsen, H. N., “New 
Method for Obtaining Emission Coefficients from Emitted 
Speemmevmsimtensities, Part | - GCireularly Symmetric Light 
Seumeccm eJournal of The Optical Society of America, Vol. 55, 
No. 10, pp. 1247-1254, October 1965. 


iW 


Maldonado, C. D., and Olsen, H. N., "New Method for Obtaining 
Emission Coefficients from Emitted Spectral Intensities. 
Piles vy mometric sources, ~ Journal of The Optical 
Seeley or Aimerica, Vol. 56, No. 10, pp. 1305-1312, 
October 1966. 


acOcewe mee, lL ne Application of Holographic Interferometry 
to The Determination of The Flow Field Around a Right 
Circular Cone At Angle of Attack, Aeronautical Engineer's 
Thesis, Naval Postgraduate School, December 1970. 


lacotmmeem<e., and Collins, DD. J., “Finite Fringe Holographic 
Interferometry Applied to A Right Circular Cone At Angle 
Gmettiack, AsME Paper No» 7Z-APM-PP, to appear in the 
Journal of Applied Mechanics. 


Pievenmeh. i., Mmolographic Interferometry of The Flow Field 


Between A Finand Flat Plate, Master's Thesis, Naval 
Postgraduate School, March 1972. 


seg 





10. 


M1. 


Lee 


BS 


14, 


Liepmann, H. W., and Roshko, A., Elements of Gas Dynamics, 
p. 165, John Wiley and Sons, Inc., 1957. 


Golirer, nee and otnens, Optical Holography, sect. 10.8. 4, 
Academic Press, 1971. 


Sweeney, D. W., and Vest, C. M., "Reconstruction of Three- 
Dimensional Refractive Index Fields by Holographic Inter- 


tomouc ta wer epic ptics, Vol, ll; No. 1, pp. 205-207, 
January 1972, 


Van Houten, P. E., Analysis of Discontinuous Three-Dimensional 
Density Fields Using Holographic Interferometry, Aeronautical 
Pnpimiecemcmilnesis Naval Posteraduate School, December 
1972. 


Jimemecmune Geyeand yan Haceringen, W., “Calculation of Three- 
Dimensional Refractive Index Fields Using Phase Integrals, '! 
to appear in Optics Communications. 





PNM iat RIBU TION LIST 
No. Copies 


Defense Documentation Center 2 
Cameron Station 
Alexandria, Virginia 22314 


Library, Code 0212 Z 
Naval Postgraduate School 
Monterey, California 93940 


Emotessor D770. Collins, Code 57Co ] 
Department of Aeronautics 
Naval Postgraduate School 
Monterey, California 93940 


LT Robert A. Kosakoski, USN ] 
The Arches, Apt #77 

1235 Wildwood Avenue 

Sunnyvale, California 94086 


Chairman, Department of Aeronautics Hl 
Naval Postgraduate School 
Monterey, California 93940 


1 te 





_ 
- 


Unclassified 
Security Classification 





DOCUMENT CONTROL DATA-R 


body of abstract and indexing annotation must be entered when the overall report Is Classified) 


2a. REPORT SECURITY CLASSIFICATION 
Unclassified 
3. REPORT TITLE : 


Application of Holographic Interferometry to Density Field Determination 
in Transonic Corner Flow 






(Security classification of title, 










1, ORIGINATING ACTIVITY (Corporate author) 


Naval Postgraduate School 
Mom@eerey, California 93940 


4. OESCRIPTIVE NOTES (Type of report and inclusive dates) 


Master's Thesis; December 1972 


5. AUTHORIS) (First name, middie initiel, last name) 


Robert A. Kosakoski 







8s. CONTRACT OR GRANT NO. 9a. ORIGINATOR’S REPORT NUMBER(S) 





b. PROJECT NO. 


9b. OTHER REPORT NO(S) (Any other numbere that may be aesigned 
thia report) 


- DISTRIBUTION STATEMENT 







- SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 





Naval Postgraduate School 
Monterey, California 93940 


P13. ABSTRACT 


The successful application of holographic interferometry to the study of 
density fields around opaque bodies in wind tunnel experiments has been 
@eeorred inthe literature. The present report extends this technique to the 
study of the three-dimensional asymmetric flow fields encountered near the 
wing-fuselage junction of an aerodynamic model in the transonic flow regime. 
Finite fringe interferometry has been used to obtain fringe information about 
a partially transparent wind-body structure. A FORTRAN computer program 
was utilized to invert the fringe information and produce a plot of the density 
field around the model. The resulting asymmetric density field and shock 
wave structure are shown to be an accurate representation of the phenomena 
encountered in aerodynamic corner flow. 


D Vic aed O coms) 120 Unclassified 


S/N 0101-+807-6811 Security Classification 


A-31408 








Unclassified 
Security Classification 


14. 
KEY WORDS 


Holography 





Interferometry 

Transonic Flow 

Corner Flow 

Transparent Phase Object 
| Aerodynamic Model 


Wing- Fuselage Junction 


DD 2"..1473 (sack) 


S/N 0101-807-682! 


JWrea 





Bs 7° ove J om! eee 


Unclassified 
Security Classification 


A-31409 


> 











@ 
a ET =——— 
{WAR we SS 
cO97Y 
|thesis 441295 
K823 Kosakoski 
{c.4 Application of holo- 


graphic interferometry to 
density field determi- | 
| nation in transonic 


corner flow. 


20978 


y MAP 74 





thesK823 
pplication of holographic interferometr 


winai 


